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The Cryogenian Scout Mountain Member (SMM) of the Pocatello Formation in 
southeast Idaho has been interpreted to record either no evidence for glaciation, or evidence 
for the early Cryogenian Sturtian glaciation. Yet, there are two diamictites separated by 
heterolithic strata, and the upper diamictite is topped by a unit resembling the Marinoan 
cap dolostone, suggesting the presence of both Snowball Earth glaciations. Sedimentologic 
and facies analysis show that the Scout Mountain Member was deposited in a variety of 
environments, including shoreline, near-shore, wave-base, delta/outwash environments, 
and deeper water environments (turbidites). The lower diamictite of the Pocatello 
Formation is unconformably overlain by shoreface and turbiditic sandstones, and the upper 
diamictite is gradationally overlain by a laminated siltstone that hosts lonestones and 
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grades into a pinkish-tan, laminated- to- brecciated dolostone. Previous studies have 
succeeded in highlighting the presence of Sturtian-age strata in the Pocatello Formation, 
but a comprehensive high precision age model is lacking. Here, we utilize tandem in-situ 
isotope dilution U-Pb analysis of zircons to provide maximum depositional ages of 687.38 
± 0.24 Ma, 657.78 ± 0.23 Ma, and 637.67 ± 0.23 Ma from the lower diamictite, the 
overlying interglacial stratigraphy, and the dolostone capping the upper diamictite, 
respectively. These new data show the presence of Sturtian, post-Sturtian, and Marinoan-
age strata, further constrain the duration of the Cryogenian non-glacial interlude and allow 
for correlation of the Pocatello Formation with other Cryogenian deposits along the 
western margin of Laurentia. The new detrital zircon ages also provide a record of sporadic 
regional magmatism that can assist in constraining the timing of regional rifting related to 
the breakup of Rodinia.   








The Biggest Snowball Fight in Earth History: Stratigraphy, Facies Analysis, and 
Geochronology of the Pocatello Formation  
Matthew W. Ellison 
 The Snowball Earth Hypothesis details a time in Earth’s history (the Cryogenian 
period) where the entire planet was encapsulated by kilometer thick ice sheets for two, 
multi-million-year glaciations. The first, known as the Sturtian, lasted from 717 – 660 
million years ago while the second, known as the Marinoan, lasted form approximately 
650 – 635 million years ago. Snowball Earth was caused by a few processes that sort of 
built upon each other: Rodinia began splitting apart ~740 million years ago which 
allowed for increased rates of silicate weathering. High rates of silicate weathering 
resulted in CO2 drawdown which in turn caused the global temperature to drop. The 
gradual drop in temperature allowed for polar ice to advance and, once the ice reached a 
critical latitude, the earth experienced a runaway ice albedo effect – meaning ice 
advanced uncontrollably all the way to the equator – resulting in a completely ice-
covered planet.  
Evidence for Snowball Earth comes in the form of paleomagnetic data that show 
that Rodinia was rifting at this time, a global distribution and synchroneity of Snowball 
Earth deposits, carbon isotope ratios, and cap carbonates (a unique lithology present only 
in Snowball Earth deposits). In Pocatello, Idaho, geologists have identified deposits (the 
Pocatello Formation) that fall within the age range of Snowball Earth and that exhibit 
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similar lithologic characteristics to other known Snowball Earth deposits. The goal of this 
study is to determine whether the Pocatello Formation was deposited during Snowball 
Earth, and if it is, which glaciation(s)/deglaciation(s) it was deposited during. To 
accomplish this goal, we conducted field work to characterize the different lithologies of 
the Pocatello Formation and then we used a radiometric dating technique called chemical 
abrasion – isotope dilution – thermal ionization mass-spectrometry to find out exactly 
how old the Pocatello Formaton is.  
Our results show that the Pocatello Formation is host to Sturtian glacial deposits, 
Marinoan glacial deposits, and Marinoan deglacial deposits. These findings will allow 
for: the revision to local stratigraphy and age boundaries, correlation of the Pocatello 
Formation with other Snowball Earth deposits worldwide, and further insight into the 
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The Snowball Earth Hypothesis (SBE) details a period of Earth history when 
kilometer-thick ice sheets covered the majority of the Earth’s surface, including low-
latitude regions (Kirschvink, 1992). The Neoproterozoic SBE is characterized by two 
major glacial episodes - the Sturtian (717 - 660 Ma) and the Marinoan (>640-635 Ma) 
(Kirschvink, 1992; Hoffman and Schrag, 2002; Hoffman et al. 1998; 2017). Evidence 
that supports the SBE hypothesis stems from a globally distributed stratigraphic record 
that has yielded similar ages for low-latitude glaciation and deglaciation during the 
Cryogenian (e.g., Hoffman et al., 1998; Condon et al., 2005; MacDonald et al., 2010; 
Prave et al., 2016; Hoffman et al., 2017). The Sturtian glaciation lasted ~60 Ma (Rooney 
et al., 2014; Rooney et al., 2015), yet constraining the onset and duration of the Marinoan 
glaciation is a major question for SBE scientists. The Marinoan glaciation lasted more 
than 4 Ma, but less than 17 Ma based on a 639.29 ± 0.26 Ma age from within 
glaciomarine diamictites in Namibia (n=9; CA-ID-TIMS) and a 651.69 ± 0.64 Ma (n=4; 
CA-ID-TIMS) age from nonglacial strata directly beneath the Marinoan diamictite in 
Death Valley, CA (Prave et al., 2016, Nelson et al., 2020).  
Fundamental questions regarding the SBE record include: 1) why the Marinoan 
glaciation is substantially shorter than the Sturtian? 2) what does the ≤20 Ma interval 
between the two glacial episodes represent paleoenvironmentally and how does it relate 
to the associated Trezona Anomaly (a post-Sturtian, positive δ13C-isotope anomaly with 
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values reaching +9 ‰ (e.g., Prave, 1999; McKirdy et al., 2001; Halverson et al. 2010; 
Rose et al., 2012)? The amount of evidence for two worldwide Neoproterozoic 
glaciations is rapidly increasing (e.g., Hoffman et al., 2017), but the timing, duration, 





Maps showing the locations of the distribution of the Pocatello Formation and correlative 
units. (A) Inset map showing locations of Neoproterozoic diamictite - bearing exposures 
along the western North American Cordilleran margin. (B) Location map showing the 
distribution of Pocatello Formation exposures and N. Utah correlatives. Sampling 
locations are shown by red outlines. Modified from Keeley et al., (2013). 
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 The Pocatello Formation in southeastern Idaho hosts unique exposures of 
heterolithic strata hypothesized to represent glacial, interglacial, and deglacial deposition 
during the Cryogenian Period (717-635 Ma) (Trimble, 1976; Link, 1982; Fanning and 
Link, 2004; Dehler et al., 2011; Keeley et al., 2013; Isakson, 2017) (Figure 1). Link 
(1982) interpreted the Pocatello Formation to represent multiple stages of the Sturtian 
glaciation, now defined to have initiated at 717 Ma and ended at 660 Ma (e.g., 
MacDonald et al., 2010; Rooney et al., 2014; 2015).  
New geochronologic, sedimentologic, and geochemical data from the Pocatello 
Formation strongly suggest that evidence for the Sturtian and Marinoan glaciations, and 
the Marinoan deglaciation (Marinoan cap dolostone), are present in the Pocatello 
Formation (Dehler et al., 2011; Isakson, 2017 and references therein). These data include: 
1) new CA-ID-TIMS ages of 696.43 ± 0.21 & 695.17 ± 0.20 Ma from a dacite interval 
that interfingers with the lower diamictite at Scout Mountain (Figure 2) provide the first 
in-situ igneous ages for the Pocatello Formation, indicating that these dacites formed 
underwater and under ice during the Sturtian glaciation (Isakson, 2017), 2) a well-
expressed unconformity truncates the lower diamictite and is overlain by thinly bedded 
subarkosic sandstone at Scout Mountain, suggesting that some Sturtian-aged strata have 
been removed (Figure 3; Isakson, 2017), 3) at north and south Portneuf Gap locales, 
provenance and maximum depositional ages change abruptly from the lower diamictite 
matrix (≤ 685 Ma) to the overlying subarkosic sandstone (≤ 675 Ma (CA-ID-TIMS), also 
suggesting a gap in time of unknown duration between these two units (Figure 2; Keeley 
et al., 2013; Isakson, 2017). These data, along with detrital zircons (DZ) ≤ 658 Ma (n=1; 
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CA-ID-TIMS) from the upper diamictite, and the association with an overlying 
Marinoan-like cap dolostone hint at the presence of the Marinoan glaciation (Figure 2; 








Composite stratigraphic sections showing the current age model for the Pocatello 
Formation. The sections represent the four main field areas from previous work – note 
that this paper does not include new data from the Oxford Peak area.  Note the physical 
unconformity at the top of the lower diamictite and the presence of an upper diamictite 









Photos of the unconformity (shown by red arrows) between the lower diamictite and overlying subarkosic sandstone facies. (A) Note 
the faceted clasts in the diamictite immediately below laminated sands. (B) Larger scale photo showing bedded sandstone above 





1.2. Significance of the Pocatello Formation 
Across the globe, few stratigraphic successions contain evidence for both the 
Sturtian and Marinoan glaciations (e.g., Yukon, Namibia, Australia, China, and 
California) (Macdonald et al., 2013, Hoffman et al., 2017). If the Pocatello Formation 
does indeed host evidence for both glaciations, then it will become another field analogue 
where remaining SBE questions can be addressed. The distinctive interglacial strata 
provide an opportunity to better understand environmental conditions during part of the 
Cryogenian Warm Interval (Le Heron et al., 2013; Fairchild et al., 2016), including the 
timing and mechanisms for the onset of Marinoan glaciation, which is still unknown 
(Prave et al., 2016; Nelson et al., 2020). The Pocatello Formation is unique in that it hosts 
volcanic and reworked volcanic material in several sections, which can provide a 
numerical age tie-line for other non-volcanic SBE deposits along the Western Cordilleran 
margin of Laurentia (modern day coordinates).  
We test the presence of both the Sturtian and the Marinoan glacial and deglacial 
records in the Pocatello Formation by providing a more tightly constrained U-Pb zircon 
age model within a sequence stratigraphic and depositional framework. 
1.3. Geologic Setting of the Pocatello Formation  
The Pocatello Formation and related strata in southeastern Idaho and northern 
Utah are part of a >3,000 km long belt of Neoproterozoic Windermere Supergroup strata 
exposed along the western margin (modern day coordinates) of Laurentia (Figure 4) 





Neoproterozoic sediments, including sections of glaciogenic strata and volcanic deposits, 
were deposited in extensional basins during protracted rifting (Stewart et al., 2001; Bond 
et al., 1984; Link & Christie-Blick, 2011; Li et al., 2013; Yonkee et al., 2014). From 
~770-500 Ma the North American Cordilleran margin developed through multiple phases 
of rifting, subsidence, and the eventual generation of a passive margin (Stewart, 1972; 
Lund, 2008; Yonkee et al., 2014). Rift initiation is marked by the deposition of carbonate 
and siliciclastic strata in intracratonic basins from ~770-740 Ma (Dehler et al., 2010; 
Yonkee et al., 2014; Dehler et al., 2017). The Bannock Volcanic Member of the Pocatello 
Formation is an example of a volcanic unit that records early rifting and volcanism from 
~720-660 Ma (Link, 1982; Yonkee et al., 2014). A phase of subsidence followed this rift 
episode and mature siliciclastic sediments were deposited – these strata comprise the 
Brigham Group and they overly the Pocatello Formation in Utah and Idaho (Figure 5; 
Yonkee et al., 2014). The final stage of rifting and volcanism occurred from ~570-520 
Ma and were followed by a transition to drift and regional subsistence along the passive 







(A) Exposures of Neoproterozoic and early Cambrian strata (grey) along the Western Cordilleran margin. (B) Regional map showing 
in situ and palinspastically restored (Neogene extension and Sevier thrusting) exposures of Neoproterozoic and early Cambrian units 





Regional units correlative to the Pocatello Formation, and other members of the 
Windermere Supergroup, are exposed in northern Utah, eastern Idaho, southern 
California, Washington, Alaska, and Canada and include: the Mineral Fork Formation, 
Perry Canyon Formation, Horse Canyon Formation, Sheeprock Group, Trout Creek 
Sequence, Edwardsburg Formation, Rapitan Group, and the upper part of the Pahrump 
Group; (Figure 4; Christie-Blick, 1982; Rodgers, 1984; Prave, 1999; Lund et al., 2003; 
2010; MacDonald et al., 2010; Link and Christie-Blick, 2011; MacDonald et al., 2013; 
Mahon et al., 2014; Yonkee et al., 2014; Le Heron et al., 2018; Eyster et al., 2020). 
Pocatello Formation strata experienced low-grade metamorphism, internal deformation, 
and were thrust roughly 100 km eastward on the Paris-Willard thrust sheet during the 
Sevier Orogeny before being exposed by Basin and Range normal faulting (Figure 4; 
Trimble et al., 1976; Link, 1982; Levy and Christie-Blick, 1989; Yonkee et al. 2014; 







Stratigraphic column showing revisions to the Cryogenian / Ediacaran boundary and 
Marinoan termination (shown in red text). Incision at the base of the Inkom / top of the 
Caddy Canyon formations was first interpreted as Marinoan by Levy and Christie-Blick 
(1994). The 637 Ma age from the Portneuf Cap dolostone (this paper) shows that this 








The Pocatello Formation contains volcanic, siliciclastic, and minor carbonate 
facies and is separated into three members: the lower Bannock Volcanic Member, the 
middle Scout Mountain Member, and an informal upper member (Figure 5). The 
Bannock Volcanic Member varies in thickness from ~200-450 m and is characterized by 
mafic metavolcanics and volcanoclastic rocks (Link, 1982; Harper and Link, 1986). 
Tholeiitic – alkaline to alkaline basalts in the Bannock Volcanic Member provide 
evidence for intraplate rift volcanism (Harper and Link, 1986). The heterolithic, 
siliciclastic-rich Scout Mountain Member interfingers with the underlying Bannock 
Volcanic Member and records evidence of fluvial, fluvial-marine, shoreface, above and 
below storm wave base, deep - to shallow marine deposition, along with resedimented 
glacial deposits (Link, 1982; Dehler et al., 2011). Facies in the Scout Mountain Member 
include a lower and upper diamictite (which are hypothesized in this paper to correlate to 
the Sturtian and Marinoan glaciations, respectively), subarkosic sandstone, quartz arenite, 
red pebble sandstone, polymictic quartzite cobble conglomerate, a pinkish tan laminated 
and brecciated sandy dolostone, and a blue-grey limestone with aragonite fan 
pseudomorphs interbedded with fine-grain sandstone that transitions to the informal 
upper member (Figure 6). The upper member comprises ~600 m of gray to green argillite 
and orthoquartzite and records regional to global sea level rise following deglaciation 













1.4. Current Age Model of the Pocatello Formation  
The interpretation that the Pocatello Formation hosts glacial deposits has a long 
history (Ludlum, 1942; Crittenden et al., 1971; Crittenden et al., 1983; Trimble, 1976; 
Link, 1982). The first geochronologic study of the Pocatello Formation showed ages that 
overlap with the Sturtian SBE event (Fanning and Link; 2004). Fanning and Link (2004) 
reported a 667±5 Ma igneous crystallization age on a sample interpreted to be from a tuff 
stratigraphically above both diamictites, which led the authors to believe that the entire 
Pocatello Formation is Sturtian in age (Figure 2; Fanning & Link, 2004). However, new 
research shows similar ~675 Ma detrital zircon populations in the subarkose, directly 
above the lower diamictite, and at the original sampling site of the ‘tuff’ (Figure 2; 
Isakson, 2017). These data, along with petrographic analysis that shows the facies is a 
siltstone, indicate that the age obtained by Fanning and Link (2004) is a detrital 
maximum depositional age that is indistinguishable from DZ maximum depositional ages 
(MDAs) from the subarkose facies (>400m below), indicating a long-lived background 
ca. 660-690 Ma DZ provenance signature (Isakson, 2017).   
Geochronology studies by Isakson (2017) on the Pocatello Formation at Scout 
Mountain demonstrate that the stratigraphically lower diamictite is underlain by dacite 
flows with ages of 696.43 ± 0.21 Ma & 695.17 ± 0.20 Ma (CA-ID-TIMS zircon ages; 
Figure 7; Isakson, 2017), which is consistent with the 685 ± 0.4 Ma age from reworked 
tuffaceous material near the top of the lower diamictite at Oxford Mountain (CA-ID-
TIMS age; Figure 2; Keeley et al., 2013). 





Isakson (2017) and four single zircon grains yielded dates of ~665, ~663, ~658, and ~613 
Ma, all interpreted as MDAs (Figure 2). The ~613 Ma age is problematic as it is too 
young for a Marinoan deposit and may reflect Pb loss. The other three MDAs suggest the 
potential for post-Sturtian deposition and are part of the reason for further tandem in-situ 
LA-ICP-MS and CA-ID-TIMS analysis conducted in this study.  
1.5. Provenance and Paleogeography of the Pocatello Formation 
Yonkee et al. (2014) synthesized the stratigraphy and U-Pb detrital zircon 
geochronology (LA-ICPMS) of the developing Cordilleran margin between 750 Ma and 
middle Paleozoic time in the Utah-Idaho area (Figure 5). Samples from the Pocatello 
Formation lower diamictite display a distinct peak at 1.7 Ga with a less distinct, younger 
peak at ~704 Ma (Figure 8; Yonkee et al., 2014). The upper diamictite contains dominant 
detrital zircon age populations at 1.7 Ga, ~2.5 Ga, and a young population at ~682 Ma, 
which highlight a provenance shift between the two glacial facies (Yonkee et al., 2014). 
The different provenance signatures of the two diamictites suggests a period of basin 
reorganization or unroofing at some point during the interglacial time interval. Other 
Neoproterozoic diamictites in Utah show similar DZ spectra. Strata at Fremont Island, 
Perry Canyon, and the Sheeprock Mountains locales also show dominant peaks at ~700 







CA-ID-TIMS results for samples Scout 2 and 3 from rhyolitic pyroclastic beds within the 
lower diamictite at Scout Mountain. (A) Weighted mean plot for CA-ID-TIMS analysis 
of single zircons from Scout 3 and Wetherill concordia plots for TIMS analysis. Blue 
bars represent analysis using 180◦C chemical abrasion, red bars using 200◦C chemical 
abrasion. Solid bars represent data used in age calculation. Horizontal orange bar 
represents calculated mean age and uncertainty. Circles represent analysis without 
chemical abrasion (grey), 180◦C chemical abrasion (blue), and 200◦C chemical abrasion 
(red). (B) Same style plots for Scout 2. Modified from Isakson (2017). 
 
 
The upper diamictites ~2.5 Ga peak comprises a distinct 2.45 Ga mode with some 
2.55 Ga grains (Yonkee et al., 2014). The 2.45 Ga population is likely showing relatively 
local Farmington Canyon Complex sources while the 2.55 Ga population could represent 





Ga peak is also observed in the upper member of the Pocatello Formation, but is not 








Detrital zircon age distribution plots from the Pocatello Formation. Note the changes in provenance signature from the lower 
diamictite (1.7 Ga) to the upper diamictite (1.7 & 2.5 Ga), and the disappearnece of the Grenville age peaks. Youngest age populations 





1.6. Carbon – Isotope Chemostratigraphy and Cap Carbonates  
A feature unique to Neoproterozoic glacial diamictites is an overlying interval of 
carbonate strata known as a ‘cap carbonate’ which are deposited in <106 yr (Hoffman et 
al., 2017; Nordsvan et al., 2019). Cap carbonates are laterally continuous dolostone 
and/or limestone units that exhibit distinct lithologic features and are associated with 
glacio-eustatic sea-level rise during SBE deglaciations (Dehler et al., 2011; Hoffman et 
al., 2011; Kennedy & Christie-Blick, 2011; Hoffman et al., 2017). Cryogenian deposition 
of cap carbonates extended to paleo-latitudes of 50° - much further than the non-skeletal 
carbonate production range during the Phanerozoic (Hoffman et al., 2017).  
In relatively complete Cryogenian successions, two cap carbonates are preserved; 
a lower limestone that caps the Sturtian diamictite, and an upper dolostone that caps the 
Marinoan diamictite (Hoffman et al., 2017). The Sturtian cap is rarely preserved in most 
global SBE deposits but the Marinoan cap outcrops on multiple continents. Both caps 
exhibit distinct ẟ13C isotopic signatures that approach mantle values during glacial 
periods (Corsetti and Kaufman, 2003; Halverson et al., 2005). Marinoan ẟ13C isotopic 
signatures are typically more negative (-5‰ - -6‰) whereas Sturtian values tend to be 
less negative (-2‰ - -3‰) (Halverson et al., 2005). The Sturtian cap limestone is 
typically dark grey, laminated, and organic-rich with roll-up structures (Hoffman et al., 
2011; Hoffman et al., 2017). The Marinoan dolostone is typically pinkish tan and can 
contain any of the following characteristics: laminations, peloidal textures, tubestone, 
hummocky and swaley cross stratification, replaced aragonite crystal fans, and giant 





et al., 2011; Hoffman et al., 2011; Hoffman et al., 2017).   
1.7.  Diamictites 
Diamictites are very poorly sorted, matrix-supported conglomerates that contain a 
wide variety of clast types/sizes and are commonly associated with glacial activity. 
Faceted and/or striated clasts, dropstones, ice-rafted debris (IRD), and boulder pavements 
are common characteristics of glacial diamictites. The presence of two diamictite 
intervals in the Pocatello Formation, separated by an interval of organized siliciclastic 
strata, is suggestive of two glacial episodes that we test in this work. 
2. METHODS 
2.1. Field Methods 
We examine the Pocatello Formation in three locations: Portneuf Narrows (North 
Gap, South Gap, and Fort Hall), Scout Mountain, and Oxford Peak (Figures 9 and 10; 
Platt, 1998; Rodgers et al., 2006). During the 2018-2020 field seasons seven stratigraphic 
sections were measured with 0.5m detail at these localities (Figures 9 and 10; Platt, 1998; 
Rodgers et al., 2006). Facies descriptions are detailed in Table 1. Ten thin sections from a 
representative sample suite collected throughout the SMM of the Pocatello Formation 
were examined to determine changes in composition. 
Targeted facies and stratigraphic positions were sampled for geochronologic 
analyses. We chose the Scout Mountain area for the sampling because this is the only 





Isakson, 2017). These facies include the lower diamictite (above and interbedded with the 
dacite flows), unconformably overlying subarkosic sandstone, cobble conglomerate, 
upper diamictite, and cap carbonate. The cap carbonate on Scout Mountain had already 
been sampled and U-Pb LA-ICPMS data is reported in Yonkee et al. (2014). The laser 
mount for this sample (SY12-2) was used to pick the youngest zircon grains for further 
analysis by CA-ID TIMS as part of this study. 
Data from the lower diamictite-subarkose sandstone facies are compared with 
previous work by Yonkee et al., (2014) and Isakson, (2017) —showing a change in 
provenance as well as distinctive MDAs. The cobble conglomerate is targeted to find 
post-Sturtian detrital zircons grains which would demonstrate that the overlying 
diamictite is likely Marinoan in age. Similarly, DZ ages from the upper diamictite and 
overlying dolostone can show change in provenance and MDA up-section. Previous 
geochronologic work indicates changes in DZ spectra throughout the Pocatello 
Formation, but more precise CA-ID-TIMS analyses are needed to confirm if patterns 
exist and to refine MDAs. The confidence gained from TIMS analyses will help build a 
more robust age model for the Pocatello Formation that will allow for contemplation of 
the SBE record in the Pocatello Formation, correlation to other dated Cryogenian 
formations along the Western Cordilleran margin, and other regional stratigraphic 








Geologic map of part of the Inkom 7.5’ quadrangle showing main subdivisions of the 
Pocatello Formation, sample locations, and measured section transects. Modified from 







Geologic map of part of the Scout Mountain 7.5’ quadrangle showing main subdivisions 





sections shown on the map were combined to provide a composite stratigraphic column 
for the Scout Mountain area. Modified from Platt (1998). 
 
 
2.2. Laboratory Methods 
 Samples were crushed using a Bico Braun Jaw Crusher and sorted by a Wilfley 
Shaker water at Utah State University (USU) before being taken to Boise State 
University for further separation and analyses. 
2.2.1. University of Arizona / Arizona Laserchron Center: LA-ICPMS  
A large split (n=300/sample) of grains from samples CD-SM-9 and CD-SM-10 
were incorporated into a 1” epoxy mounts together with fragments of Sri Lanka standard 
zircon. The mounts were sanded to a depth of ~20 microns, polished, imaged, and 
cleaned prior to isotopic analysis. 
U-Pb geochronology of zircons was conducted by laser ablation multicollector 
inductively coupled plasma mass spectrometry (LA-MC-ICPMS) using the methods of 
Gehrels et al., (2006, 2008). The analyses involve ablation of zircon with a Photon 
Machines Analyte G2 excimer laser using a spot diameter of 30 microns. The ablated 
material was carried in helium into the plasma source of a Nu HR ICPMS, which is 
equipped with a flight tube of sufficient width that U, Th, and Pb isotopes are measured 
simultaneously. All measurements were made in static mode, using Faraday detectors 





for 204Pb and 202Hg. Ion yields are ~0.8 mv per ppm. Each analysis consisted of one 15-
second integration on peaks with the laser off (for backgrounds), 15 one-second 
integrations with the laser firing, and a 30 second delay to purge the previous sample and 
prepare for the next analysis. An ablation pit of ~15 microns in depth was used.  
For each analysis, the errors in determining 206Pb/238U and 206Pb/204Pb resulted in a 
measurement error of ~1-2% (at 2-sigma level) in the 206Pb/238U age. The errors in 
measurement of 206Pb/207Pb and 206Pb/204Pb also resulted in ~1-2% (at 2-sigma level) 
uncertainty in age for grains that are >1.0 Ga but are substantially larger for younger 
grains due to low intensity of the 207Pb signal.  For most analyses, the cross-over in 
precision of 206Pb/238U and 206Pb/207Pb ages occurs at ~1.0 Ga.  
 The 204Hg interference with 204Pb was accounted for measurement of 202Hg during 
laser ablation and subtraction of 204Hg according to the natural 202Hg/204Hg of 
4.35. Common Pb correction was accomplished by using the Hg-corrected 204Pb and 
assuming an initial Pb composition from Stacey and Kramers (1975). Uncertainties of 1.5 
for 206Pb/204Pb and 0.3 for 207Pb/204Pb were applied to these compositional values based 
on the variation in Pb isotopic composition in modern crystal rocks.  
Inter-element fractionation of Pb/U is generally ~5%, whereas apparent 
fractionation of Pb isotopes is generally <0.2%. In-run analysis of fragments of a large 
zircon crystal (generally every fifth measurement) with known age of 563.5 ± 3.2 Ma (2-
sigma error) is used to correct for this fractionation. The uncertainty resulting from the 
calibration correction is generally 1-2% (2-sigma) for both 206Pb/207Pb and 206Pb/238U 





contains ~518 ppm of U and 68 ppm Th. 
2.2.2. Boise State University: LA-ICPMS and CA-ID-TIMS 
Sample Preparation. Zircon grains were separated from samples using 
conventional crushing, grinding, and water table techniques, followed by final 
concentration using heavy liquids and magnetic separation at Isotope Geology Laboratory 
(IGL) at Boise State University (BSU). The entire zircon separate was placed in a muffle 
furnace at 900°C for 60 hours in quartz beakers to anneal minor radiation damage; 
annealing enhances cathodoluminescence (CL) emission (Nasdala et al., 2002), promotes 
more reproducible interelement fractionation during LA-ICPMS (Allen and Campbell, 
2012), and prepares the crystals for subsequent chemical abrasion (Mattinson, 2005). 
Following annealing, individual zircons were hand-picked and mounted in epoxy, 
polished until grain centers were exposed, carbon coated, and imaged by CL on a JEOL 
T-300 scanning electron microscope fitted with a GATAN MiniCL detector. CL images 
were used to identify crystal shape and internal zircon structure to determine preferred 
spot locations for U-Pb and trace element LA-ICPMS analysis.  
LA-ICPMS analysis. LA-ICPMS analysis utilized an X-Series II quadrupole 
ICPMS and New Wave Research UP-213 Nd:YAG UV (213 nm) laser ablation system. 
In-house analytical protocols, standard materials, and data reduction software were used 
for acquisition and calibration of U-Pb dates and a suite of high field strength elements 
(HFSE) and rare earth elements (REE). Zircon was ablated with a laser spot of 25 µm 
wide using fluence and pulse rates of ~5 J/cm2 and 10 Hz, during a 45 second analysis 





was carried by a 1.2 L/min He gas stream to the nebulizer flow of the plasma. 
Quadrupole dwell times were 5 ms for Si and Zr, 200 ms for 49Ti and 207Pb, 80 ms for 
206Pb, 40 ms for 202Hg, 204Pb, 208Pb, 232Th, and 238U and 10 ms for all other HFSE and 
REE; total sweep duration is 950 ms. Background count rates for each analyte were 
obtained prior to each spot analysis and subtracted from the raw count rate for each 
analyte. For concentration calculations, background-subtracted count rates for each 
analyte were internally normalized to 29Si and calibrated with respect to NIST SRM-610 
and -612 glasses as the primary standards. Ablations pits that appear to have intersected 
glass or mineral inclusions were identified based on Ti and P signal excursions, and 
associated sweeps were generally discarded. U-Pb dates from these analyses are 
considered valid if the U-Pb ratios appear to have been unaffected by the inclusions. 
Signals at mass 204 were normally indistinguishable from zero following subtraction of 
mercury backgrounds measured during the gas blank (<100 cps 202Hg), and thus dates are 
reported without common Pb correction. Rare analyses that appear contaminated by 
common Pb were rejected based on mass 204 greater than baseline. Temperature was 
calculated from the Ti-in-zircon thermometer (Watson et al., 2006). Because there are no 
constraints on the activity of TiO2 in the source rocks, an average value in crustal rocks 
of 0.8 was used. 
For U-Pb and 207Pb/206Pb dates, instrumental fractionation of the background-
subtracted ratios was corrected, and dates were calibrated with respect to interspersed 
measurements of zircon standards and reference materials. The primary standard 





fractionation based on two analyses for every 10 analyses of unknown zircon. A 
polynomial fit to the primary standard analyses versus time yields each sample-specific 
fractionation factor. A secondary bias correction is subsequently applied to unknowns on 
the basis of the residual age bias as a function of radiogenic Pb count rate in standard 
materials including Seiland, Zirconia, and Plešovice zircon, or similar materials of known 
age and variable Pb content. A polynomial fit to the secondary standard analyses with Pb 
count rate yields each sample-specific bias correction. Radiogenic isotope ratio and age 
error propagation for all analyses includes uncertainty contributions from counting 
statistics and background subtraction. Because the detrital zircon analyses are interpreted 
individually, uncertainties from the standard calibrations are propagated into the errors on 
each date. These uncertainties are the local standard deviations of the polynomial fits to 
the interspersed primary standard measurements versus time for the time-dependent, 
relatively larger U/Pb fractionation factor, and the standard errors of the means of the 
consistently time-invariant and smaller 207Pb/206Pb fractionation factor. These 
uncertainties are ~2% (2σ) for 206Pb/238U and ~1% (2σ) for 207Pb/206Pb. Additional 
details of methodology and reproducibility are reported in Rivera et al. (2013).   
CA-ID-TIMS analysis. U-Pb geochronology methods for isotope dilution thermal 
ionization mass spectrometry follow Davydov et al. (2010) and Schmitz and Davydov 
(2012). All analyses were undertaken on crystals previously mounted, polished and 
imaged by CL, and analyzed by LA-ICPMS. These zircons were then chemically abraded 
following a modified procedure from Mattinson (2005), whereby single crystal fragments 





treatment at 180°C for 12 hours to remove regions of the crystal that have experienced 
Pb-loss. Zircons were spiked with an EARTHTIME mixed 205Pb-233U-235U tracer solution 
(ET355) and dissolved in Parr bombs at 220 °C for 48 h. Dissolved zircon solutions were 
subsequently dried down, redissolved in 100 μl 6 N HCl and converted to chlorides in 
Parr bombs at 180 °C for 12 h, after which solutions were dried again and brought up in 
50 μl 3 N HCl. U and Pb were isolated by anion exchange column chromatography using 
50 μl columns and AG-1 X8 resin [200–400 mesh, chloride form (Eichrom); Krogh, 
1973]. 
The U-Pb aliquot was loaded in a silica gel emitter (Gerstenberger & Haase, 1997) 
to an outgassed, zone-refined Re filament. Isotopic determinations were performed using 
an IsotopX PhoeniX-62 TIMS. A correction for mass-dependent Pb fractionation was 
applied based on repeated measurements of NBS 982 (Catanzaro et al., 1968) Pb on both 
the Daly ion counter [0.16 ± 0.03 %) amu–1; 1s] and the Faraday cups [0.10 × (1 ± 0.02 
%) amu–1; 1s]. Uranium was run as an oxide (UO2) and measured in static mode on 
Faraday detectors equipped with 1012 Ω resistors. The U mass fractionation for the same 
analyses was calculated using the 233U/235U ratio of the double spike solution (0.99506 % 
± 0.01 %, 1s). 
The U-Pb dates and uncertainties for each analysis were calculated using the 
algorithms of Schmitz and Schoene (2007), the U decay constants of Jaffey et al. (1971), 
and a value of 238U/235U = 137.88. Uranium oxide measurements were corrected for 
isobaric interferences using an 18O/16O value of 0.00206. Uncertainties are based upon 





tracer subtraction, and blank subtraction. All non-radiogenic Pb was attributed to 
laboratory blank with a mean isotopic composition determined by total procedural blank 
measurements. These error estimates should be considered when comparing our 
206Pb/238U dates with those from other laboratories that used tracer solutions calibrated 
against the EARTHTIME gravimetric standards. When comparing our dates with those 
derived from other decay schemes (e.g., 40Ar/39Ar, 187Re-187Os), the uncertainties in tracer 
calibration (0.05%; Condon et al., 2015; McLean et al., 2015) and U decay constants 
(0.108%; Jaffey et al., 1971) should be added to the internal error in quadrature. Quoted 
errors for calculated weighted means are thus of the form ±X(Y)[Z], where X is solely 
analytical uncertainty, Y is the combined analytical and tracer uncertainty, and Z is the 
combined analytical, tracer and 238U decay constant uncertainty.   
2.3.  Petrographic Methods  
Hand samples were trimmed on a rock saw at USU before being sent to Wagner 
Petrographic for thin section production (Figure 11). Petrographic analysis was 
conducted on a Leica DM2700P microscope. These samples were inspected for evidence 
of any microscale glacial structures such as turbidites with dropstones (Davies et al., 
2011). Samples were point counted by standard methods to determine differences in 








Photomicrographs of key facies. Images on the left are in plane polarized light (PPL) and 
images on the right are in cross polarized light (XPL). Red boxes highlight… dolomite 
crystals in the cap sand, a quartz grain in the upper diamictite, a potassium feldspar grain 





3. RESULTS  
3.1. Facies 
Complete descriptions of the facies examined in Portneuf Gap, Fort Hall, and 
Scout Mountain sites can be found in Table 1, below is a summary of the dominant 
characteristics of each facies. 
3.1.1. Lower Diamictite 
The “lower diamictite” of the Pocatello Formation is characterized by a grayish-
brown, silt-sand sized matrix that hosts local rip-up intraclasts of siltstone, and exotic 
rhyolite-dacite, basalt, trachyte, and quartzite clasts that typically range in size from 
granule to cobble, with rare boulders (Figure 12). The lower diamictite is predominantly 
massive but becomes more organized with crude bedding (~0.5m thick), occasional 
laminations, and lonestones near the top of the facies. Fine grained turbidites that host 
intrabasinal mud intraclasts are present early in the lower diamictite and transition to 








(A) Lower diamictite with extrabasinal lithologies. (B) Lower diamictite with intrabasinal lithologies. (C) Faceted lonestone in lower 
diamictite matrix. (D) Upper diamictite with extrabasinal lithologies. (E) Dropstone in upper diamictite. (F) Large boulder in the upper 
diamictite. The main differences between the two diamictites are the matrix color and the clast compositions – the lower diamictite has 
a tan matrix with mostly intrabasinal clast lithologies (siltstone and quartzite), while the upper diamictite has a purplish matrix with 





3.1.2. Upper Diamictite 
The “upper diamictite” displays a fine-grained matrix with rare mud-rich 
laminations (<cm thick) and a minor calcareous component towards the top of the facies 
(Figure 12). Clasts in the upper diamictite are in the same size range and display similar 
lithologies as the lower diamictite, but with a higher concentration of granitoid and 
volcanic clasts. Volcanic clast types include rhyolite-dacite, basalt, and trachyte. The 
matrix is fine sand to silt, mostly sub-angular to angular quartz grains and supports clasts 
with lithologies that include quartzite, granite, siltstone, and volcanic. The top of the 
upper diamictite displays dropstones and a crude boulder pavement.  
Clasts in both diamictite facies are faceted and rarely striated which are two 
characteristics commonly associated with glacial activity (Figure 13). Ice rafted debris 
(IRD) such as dropstones and boulder pavement are present at South Gap, Scout 
Mountain, and Fort Hall locales (Figure 14; Le Heron et al., 2014), documenting that 
these units are of glacial origin. 
3.1.3. Subarkosic Sandstone 
 This facies is characterized by greenish to tan, medium- to coarse-grained, sub-
angular, moderately well sorted, subarkosic sandstone (Figure 15). Though facies 
characteristics vary at each locality, thinly laminated, turbiditic intervals hosting 
abundant mud rip-up clasts and soft-sediment deformation, tabular bedding (5-10cm 
thick), trough-crossbedding, hummocky cross stratification, sandy channel forms, and 





up-section, and ultimately transitions into quartz arenite. The average composition of the 
subarkosic sandstone is ~85-90% quartz and ~10-15% feldspar with most of the feldspar 











Photos showing two examples of faceted and striated clasts found in diamictite. (Top) 
Quartzite cobble found in upper diamictite at North Gap locale. (Bottom) Quartzite 






3.1.4. Red Pebble Sandstone  
 The red sandstone (equivalent to the “black sandstone” of Link (1982)) is reddish-
black, coarse-grained, sub-angular, and poorly sorted (Figure 15) with abundant granule 
and pebble-sized clasts, and rare cobbles. Laminations, flame structures, trough-
crossbedding, intraclasts, and soft-sediment deformation are also present. This sandstone 





(A) Photomicrograph (cross-polarized light) small scale dolostone dropstone from the 





Hall. (B) Faceted quartzite dropstone in the upper diamictite at South Gap. (C) Two 
faceted quartzite lonestones in the lower diamictite at Scout Mountain.  
 
 
3.1.5. Cobble Conglomerate  
 The “cobble conglomerate” (equivalent to the cobble conglomerate of Link 
(1982)) varies in color but is most commonly tannish green. The facies is characterized 
by rounded (and commonly faceted with rounded edges) quartzite clasts that range in size 
from large pebbles to boulders (Figure 15), along with less abundant volcanic and 
granitic clasts. Volcanic clasts include rhyolite-dacite, basalt, and trachyte. The cobble 
conglomerate displays abundant channels filled with a grey to purple, medium - grained 
quartz arenite that gradually fines upward into a fine- to medium-grained quartz arenite. 
The conglomerate is massively bedded (~1m thick) along with sand-filled channels that 
have ~20cm-thick beds in the lower part, thickening upwards to ~1m tabular beds. The 
cobble conglomerate fines upwards with increasing amounts of sand. Near the top of the 
conglomerate facies, fine-grained sandstone transitions to silty sandstone and laminated 








Photos showing dominant interglacial facies. (A) Turbidites in the subarkosic sandstone facies. (B) Soft sediment deformation in the 
subarkosic sandstone facies. (C) Soft sediment deformed cross bedding and flame structures in the lower part of the red pebble 
sandstone facies. (D) Cobble conglomerate. Noticeable bedding and sandy intervals. (E) Massive sand above cobble conglomerate. 





3.1.6. Sandy Dolostone (Portneuf dolostone) 
The “sandy dolostone facies” is characterized by laminated sandy siltstone that 
locally grades into laminated pink dolostone in some locations, and locally into dolomite-
chip breccia (Figure 16; Dehler et al., 2011). At some locations, the only lithology 
present is a tan, medium-grained, moderately well-sorted, sub-angular, carbonate-
cemented quartz arenite that hosts dolomite chips and ripples. Where brecciated, the 
facies displays a quartz arenite matrix and dolomite chips of up to 1.0 m in length (5-10 
cm average). The dolomite-chip breccia displays clasts of laminated dolomite in a 
sandstone matrix which are both sourced from the pink dolomite and silty sandstone, 
respectively (Dehler et al., 2011). Laminations are cm-scale in thickness and interbedded 
sand bodies are ~10-20cm thick. Hummocky and swaley cross-stratification, ‘pseudo-
flute casts’, ripples, channel forms, lower plane beds, dish structures, and other soft 
sediment deformation features are common sedimentary structures found in the Pocatello 
Formation cap carbonate, and most other known exposures of the Marinoan cap 







Portneuf Cap sandy dolostone facies. (A) Hummocky cross stratification. (B) 
Laminations with a sandstone bed above. (C) Dolostone chip breccia surrounded by 
sandy matrix. (D) Floating dolostone chips in a quartz arenite matrix. Notice the 




3.1.7. Upper Sandstone  
 The sandy dolostone facies is interbedded with, and transitions upward to fine – to 
medium – grained quartz arenite (equivalent to massive sandstone of Link (1982)). This 





Sedimentary structures include parting lineations, laminations, tabular beds, ripples, soft-
sediment deformation, flute clasts, scoured surfaces, channel forms, planar crossbedding, 
hummocky cross-stratification, trough crossbedding, and occasional flame structures. 
Beds range in thickness from ~10 cm to 2 m. The average composition of this facies is 
~95% quartz and <5% feldspar.  
3.1.8. Blue Limestone and Argillite  
 In some areas, a blueish – gray, thinly bedded limestone overlies the upper 
sandstone facies and displays laminations with replaced aragonite crystal fans (Figure 
17). In other areas, a slightly marbleized limestone is present in place of the blue 
limestone (equivalent to the upper carbonate marble of Link (1982)). Bedding is variable 
but is typically <10cm. The blue limestone is interbedded with shales/argillites that mark 









Photos of replaced aragonite fans from the blue limestone and argillite facies. (A) Red box shows in situ aragonite fans with the pencil 








Facies table showing nine dominant facies in the Pocatello Formation in blue rows, with more specific descriptions below.  
 Facies Description Structures Location
Massive Diamictite
Matrix: grayish brown with silty sands: grain size ranges from silt to coarse 
sand. Clasts: Intraclasts of siltstone (2mm-10cm), quartzite, rhyolite-
dacite, basalt, and trachyte pebbles and cobbles. Crude bedding on ~0.5m 
thick scale is present near top of facies N/A
Portneuf Gap, Fort Hall, 
Scout Mountain
Laminated / Turbiditic 
Fine-grained turbidites host mud intraclasts and rare dropstones. 
Laminations are tan - light brown and show soft sediment deformation
soft sediment deformation, 
turbidites, dropstones
Portneuf Gap and Scout 
Mountain
Laminated / Turbiditic 
Greenish - tan, medium grained, subangular to angular, subarkosic 




South Gap, Fort Hall, Scout 
Mountain
Massive Arenite
Purple - red, medium-grained, subangular, quartz arenite that hosts 
occasioanl silt/clay stringers, and fine-grained laminated material. 
cross bedding, plane 
bedding, flame structures South Gap and Fort Hall
Red Pebble Sandstone
Reddish, coarse-grained, poorly sorted, sub-angular, abundant quartzite 
and siltstone pebbles with rare cobbles cross bedding South Gap and Fort Hall
Cobble Conglomerate 
Purplish - red, quartzite cobble conglomerate. Matrix is a medium - coarse 
grained sand with moderate lithic and k-feldspar content (weathers red). 
Clasts include quartzite, basalt, granite, granular sands, and carbonates. 
Clasts range in size from granules to boulders and are often faceted. graded beds
South Gap, Fort Hall, Scout 
Mountain
Tabulate Sands Tan, medium-grained, subangular, ~0.5m thick beds tabulate bedding
















These occur below and above the upper diamictite - reddish purple, fine-
grained laminated siltstone, that show gradational transitions into and out 
of the diamictite dropstones
South Gap, Fort Hall, Scout 
Mountain
Massive Diamictite
Matrix: very fine material (primarily silts) but ranges to coarse material. 
Very poorly sorted quartz sands with high feldspar content (weathering 
out) and lithic material.                                                              Clasts: 
granule - boulder sized quartzite with more abundant (than lower 
diamictite) rhyolite-dacite, basalt, trachyte, granitoid, and siltstone clasts
rare laminations, 
dropstones, crude boulder 
pavement, faceted and 
striated clasts
Portneuf Gap, Fort Hall, 
Scout Mountain
Laminated
Pinkish dolomite interbedded with tan siltstone that exhibits pseudo-fleuts, 
load stuctures, and rippled laminations. Thinly laminated on 1-2cm scale
Hummocky and swaley 
cross-stratification, ‘pseudo-
flute casts’, ripples, channel 
forms, lower plane beds, 
dish structures, and soft 
sediment deformation
Portneuf Gap, Fort Hall, 
Scout Mountain
Brecciated
Pink/tan chips of dolomite ranging from 1-2 cm to 0.5 m in size floating in 







Table 1 continued. 
 
Plane bedded Sands
Tan, fine – to medium – grained, subangular to angular, moderately 
sorted, quartz arenite containing rare dolomite chips. Cement weakly 
effervecses with HCl. Parting lineations, laminations, tabular beds, ripples, 
soft-sediment deformation, flute clasts, scoured surfaces, channel forms, 
planar crossbedding, hummocky cross-stratification, trough crossbedding, 
and occasional flame structures are present. Beds range in thickness from 
~10cm to ~0.5m.
Parting lineations, 
laminations, tabular beds, 
ripples, soft-sediment 
deformation, flute clasts, 
scoured surfaces, channel 





Portneuf Gap, Fort Hall, 
Scout Mountain
Blue Limestone
Blueish – gray, thinly bedded limestone with laminations and replaced 
aragonite crystal fans laminations, aragonite fans Fort Hall, Scout Mountain
Marble / Metacarbonate
Greyish-white, micritic, lightly metamorphosed limestone and dolostone. 
Aragonite fans are present near top of exposure. 
aragonite fans, undulose 
bedding, laminations North Gap
Argillite Brown, very fine-grained, laminated argillite laminations
Portneuf Gap, Fort Hall, 
Scout Mountain







3.2.1. Regional Stratigraphic Context 
The Scout Mountain Member of the Pocatello Formation hosts a variety of 
siliciclastic and subordinate carbonate facies that outcrop in three main field areas near 
Pocatello, ID: Portneuf Narrows, Fort Hall, and Scout Mountain (Platt, 1998; Rodgers et 
al., 2006). Our total section thicknesses range from 60m at North Gap to 650m at Scout 
Mountain (Figure 6), consistent with the thicknesses measured by Link (1982). The North 
Gap sections are part of an overturned fault block, so bedding has been restored to show 
depositional orientation (Figure 9; Rodgers, 1984). The South Gap and Scout Mountain 
areas have sections with the most complete stratigraphy and least amount of structural 
overprinting (Figures 9, 10). 
The lower diamictite is at least ~100 m thick on average, but the base is not 
exposed. It is unconformably overlain by the subarkosic sandstone, which is ~110 m 
thick on average. This is shown by a very sharp contact at Scout Mountain where it is not 
covered. The subarkose facies is ~100 m thick on average and gradually cleans upward to 
a quartz arenite. This sandstone fines into green argillites before a sharp contact with the 
red pebble sandstone, which is ~50 m thick on average. The red pebble sandstone grades 
into the cobble conglomerate (~35 m average thickness). The cobble conglomerate is 
interbedded with a quartz arenite and this sandstone is the dominant lithology up-section. 
The arenite fines upward into an interval of laminated siltstone (<50 cm) that grades into 
the upper diamictite. The upper diamictite has an average thickness of ~80 m and 





cap dolostone facies which is <10 m thick on average across the seven measured sections. 
The sandy dolostone facies is more sand-dominated up-section and is eventually 
punctuated by the thin blue limestone and argillite facies marking the end of the SMM of 
the Pocatello Formation. The upper sandstone facies is up to 40 m thick and the blue 
limestone is ~5 m thick. 
3.2.2. Site-Specific Differences/Anomalies  
Portneuf Narrows: North Gap. The two North Gap sections show a transition 
from the upper diamictite into the cap carbonate succession. Here, faceted clasts are 
abundant in the diamictite and one striated clast was documented near the North Gap 
sections (Figure 13). The dolomite-chip breccia is the dominant facies of the cap 
carbonate. Unique to these locales is a ~5 m thick marbleized limestone interval that 
displays meter-scale bedding that thins upward to medium (0.5 m) beds. Some of the 
limestone beds show replaced aragonite fans (Figure 17; Lorentz et al., 2004; Corsetti et 
al., 2013). The fans lie in cm-scale beds (1-3 cm) of limestone and show up-oriented 
crystals that likely grew as aragonite fans and were later replaced with calcite (Pruss et 
al., 2008; Corsetti et al., 2013). There are cm-scale intervals of the argillite facies 
between some of the carbonate beds. The top of the last carbonate bed is a significant 
interval of the argillite facies that is the beginning of the informal upper member (Link, 
1982).  
Portneuf Narrows: South Gap. The lower part of the lower diamictite at South 
Gap contains rounded flat pebble- to cobble-sized dark gray siltstone clasts with a tan, 





tan-green, silty matrix that locally shows laminated/turbiditic intervals. Bedding is 
crudely defined and turbiditic towards the top of the lower diamictite. Directly overlying 
the lower diamictite is a medium–grained, greenish-tan, massive to thickly bedded 
arkosic arenite—although the contact is covered at this locality (see Scout Mountain). 
The lower part of the subarkose facies has abundant turbidites and a sharp contact with 
the red pebble sandstone facies. A tan, medium-grained quartz sandstone with carbonate 
cement and dolomite intraclasts, rather than a dolomite conformably overlies the upper 
diamictite in this area. 
Fort Hall. Rocks at the base of the Fort Hall area are faulted and contain 
numerous veins with the lowest structurally coherent facies being a red pebble sandstone 
(Figure 9). This facies coarsens upwards and grades into the cobble conglomerate. 
Unique to the Fort Hall area is a 1 m thick quartz vein that separates bedded quartz 
arenite below and an intriguing 1 m thick laminated to massive limestone above. This 
carbonate facies is anomalous and does not appear in any of the other sections. Above the 
limestone bed and quartz vein is a medium-grained, sub-angular quartz sandstone that 
displays sparse laminations. This sand fines upward into a ~0.5m interval of laminated 
siltstone that lies conformably beneath the upper diamictite. The upper diamictite at Fort 
Hall is capped by a ~50 cm interval of laminated siltstone that grades into the cap 
carbonate (Figure 18). The base of the cap carbonate is a pinkish dolomite interbedded 
with thinly laminated, fine grained sandstone, plane bed laminations, and rippled 
surfaces. The dolomite-chip breccia facies of the cap is also present here and is ~1 m 





limestone facies is present at Fort Hall and is characterized by 5-10 cm thick beds, 
laminations, and replaced aragonite fans (3-5 cm tall). Above the blue limestone is the 






Photo A shows a gradational transition between the upper diamictite and the overlying 
cap succession. The red box shows what is described as the transition zone. Photo B 
shows the top of the transition zone and the beginning of the cap succession.  
 
 
Scout Mountain. The base of section here exposes the Bannock Volcanic Member 





volcanoclastic lower diamictite (Figure 6). The volcanic rocks are characterized by 
tholeiitic basalt flows at the base of the section, transitioning to siltite and volcanoclastic 
lithic arenite upward. Interbedded with the first appearance of diamictite are two dacite 
intervals that correlate with Scout 2 and Scout 3 samples from Isakson (2017). At Scout 
Mountain the majority of the lower diamictite displays a greenish-tan, moderately sorted, 
fine-grained matrix that supports faceted clasts ranging from pebbles to boulders. Clasts 
include siltstone, quartzite, granititoids, and a variety of volcanic lithologies. Lonestones 
lie within a more organized interval of the lower diamictite, ~5 meters below the contact 
with the overlying subarkose (Figure 14). The subarkose facies at Scout Mountain is 
green/tan, fine-grained, sub-angular, moderately sorted, and displays ~10cm thick 
bedding with occasional 2-5cm thick intervals of laminated siltstone. The sandstone 
displays hummocky cross-stratification (HCS), ripples, planar laminations, and 
occasional load structures. There is a sharp physical unconformity between the lower 
diamictite and the subarkose (Figure 3; Isakson, 2017).  
3.3. Geochronology 
3.3.1. LA-ICPMS 
The analytical data for our LA-ICPMS geochronology are reported in Appendix 
B. Analyses that are >20% discordant (by comparison of 206Pb/238U and 206Pb/207Pb ages) 
or >5% reverse discordant are not considered further.  
The resulting interpreted ages are shown on Pb*/U concordia diagrams and 





probability diagrams show each age and its uncertainty (for measurement error only) as a 
normal distribution and sum all ages from a sample into a single curve. Composite age 
probability plots are made from an in-house Excel program (see Analysis Tools for link) 
that normalizes each curve according to the number of constituent analyses, such that 
each curve contains the same area, and then stacks the probability curves. 
Results are listed in Appendix B and shown in Figures 19-21. U-Pb ages for the 
youngest detrital zircons constrain the maximum depositional age for the facies, which 
may be different than the depositional age. For each sample, a subset (50 grains per size 
fraction) of the most euhedral and faceted zircons were hand-picked (because they are 
more likely to be volcanic and provide a more robust MDA), with an additional ~250 
grains randomly selected to evaluate provenance signatures. 
The LA-ICPMS results from sample CD-16-SM-9 (lower diamictite facies) show 
a youngest dominant age peak (≤20% discordant) between ~650 and 700 Ma, along with 
Archean and Paleoproterozoic peaks, but does not show a Grenville provenance signature 
(Figure 19). Results from CD-16-SM-10 (subarkosic sandstone facies) show a youngest 
dominant age peak (≤20% discordant) between ~660 and 700 Ma along with Archean, 
Paleoproterozoic, and Grenville peaks (Figure 19). These results are mostly inconclusive 
due to the overlap in maximum depositional ages from the two samples, which 
highlighted the need for higher-precision CA-ID-TIMS analysis. These data indicate that 
there is a shift in provenance signatures from the lower diamictite into the subarkose – 







Probability density plots of LA-ICPMS analysis from samples CD16-SM-9 and CD16-
SM-10 (lower diamictite and subarkosic sandstone facies, respectively) at Scout 
Mountain. Note the disappearance of the 2.5 Ga peak and the presence of a 1.3 Ma peak 
in the subarkosic sandstone facies. The lower diamictite has 189 grains plotted and the 





The LA-ICPMS results from ME-19-7 (cobble conglomerate facies) show a 
youngest dominant age peak between ~650 and 700 Ma, along with Grenville, 
Paleoproterozoic, and Archean peaks (Figure 20). Results from ME-19-8 (upper 
diamictite facies) show a youngest dominant age peak between ~640 and 710 Ma along 
with Grenville, Paleoproterozoic, and Archean peaks (Figure 20). These two samples 







Probability density plots from samples ME-19-7 and ME-19-8 (cobble conglomerate and 
upper diamictite facies, respectively) at Scout Mountain. Although less amplified, the 
upper diamictite shows similar age populations as the cobble conglomerate. The cobble 





The LA-ICPMS results from SY-2-12 show a youngest dominant age peak (≤20% 
discordant) between ~675 and 700 Ma, along with Grenville, Paleoproterozoic, and 
Archean peaks (Yonkee et al., 2014). These results are inconclusive because they report a 
relatively older population than four samples found stratigraphically below (Figure 21). 
The presence of a ~700 Ma population along with ~1.1 Ga, ~1.7 Ga, and ~2.5 Ga modes 





Probability density plot for sample SY12-2 (cap sandstone) at Scout Mountain. Note the 
significantly larger Archean population in this facies compared to the upper diamictite. 





In general, the LA-ICPMS analyses performed yielded inconclusive results and 
proved the CA-ID-TIMS analyses necessary. While the five samples showed slightly 
different age populations, the Neoproterozoic populations are indistinguishable (Figure 
22). Comparing these data with other published DZ spectra from the Pocatello Formation 
indicates that variations in age spectra are not simply related to stratigraphic level, but 
rather also vary among samples within the same facies, reflecting mixing of sediment 














Combined probability density plots for lower diamictite, subarkosic sandstone, upper 
diamictite, and cap sandstone from multiple locations. The point of this figure is to show 
that there are not facies specific provenance trends but rather an overlapping of source 





 3.3.2. CA-ID-TIMS 
A complete list of results can be found in Appendix C. Some reported ages are 
significantly older than others – this is because through the chemical abrasion process, 
the entire outer rim of zircon crystals could be removed which leaves only a xenocryst 
core that records a much older crystallization age. 
Sample CD-16-SM-9 was collected from the uppermost part of the lower 
diamictite, directly below the contact with the subarkose facies at Scout Mountain. Nine 
young grains from the Neoproterozoic population were analyzed and four concordant 
analyses show a weighted mean 206Pb/238U age of 687.38 ± 0.24 (0.40) [0.80] Ma (2s); 
MSWD = 0.31 (n=4) (Figure 24). The remaining five grains show age populations at 
~700 Ma (n=2), ~1.1 Ga (n=1), and ~1.7 Ga (n=2). 
Sample CD-16-SM-10 was collected from the lowermost bed in the subarkose 
facies directly above the contact with the lower diamictite at Scout Mountain. Ten young 
grains from the Neoproterozoic population were analyzed and four concordant analyses 
show a weighted mean 206Pb/238U age of 657.78 ± 0.23 (0.39) [0.78] Ma (2s); MSWD = 
1.01 (n=4) (Figure 24). The remaining six grains show age populations at ~700 Ma (n=1), 
~1.7 Ga (n=3), ~1.9 Ga (n=1), and ~2.4 Ga (n=1).  
Sample SY12-2 was collected from a sand bed within the sandy dolostone facies at 
Scout Mountain ~two meters above the contact with the upper diamictite. Ten young 
grains from the Neoproterozoic population were analyzed via CA-ID-TIMS. Three 





Ma (2s); MSWD = 1.11 (n=3) (Figure 24). The remaining seven grains show age 









Concordia and weighted mean plots for samples CD-16-SM-9, CD-16-SM-10, and SY12-







Quartz grains were determined to be monocrystalline (Qm), monocrystalline with 
undulose extinction (Qmu), polycrystalline (Qp), or polycrystalline with undulose 
extinction (Qpu). Original matrix was rarely found but labeled as (M). Feldspars were 
labeled by type when possible (i.e., Fa for albite), but when grains were too weathered to 
be accurately described, they were labeled (Fw). A trend in most clastic samples was an 
abundance of sericite and frequent (iron) oxides, which were labeled (S) and (O), 
respectively. 
4. DISCUSSION 
4.1. Depositional Environments and Paleoenvironmental Reconstruction 
4.1.1. Lower Diamictite 
The majority of the lower diamictite represents subaqueous mass flow due to the 
chaotic nature of the diamictite fabric and the interbedded relationship with green 
laminated turbiditic siltstone (Young and Gostin, 1988). The transition from an 
intrabasinal mud-chip diamictite at the base, to an exotic clast-dominated diamictite at the 
top indicates that the basin became integrated and could possibly coincide with the 
beginnings of the Sturtian deglaciation. Even though the lower diamictite contains 
faceted clasts, (rare) striated clasts, and lonestones that suggest a glacial sediment source, 
their deposition in mass flows prevents the assignment of any ice mass form or 





could explain the laminated / turbiditic, faceted quartzite-pebble rich facies, and the 
presence of lonestones seen at the top of the lower diamictite (Arnaud and Etienne, 
2011). Regardless, the fact that the lower diamictite at Scout Mountain interfingers with 
ca. 695 Ma dacite flows demands that the lower diamictite indicates syn-Sturtian 
deposition.  
4.1.2. Subarkosic Sandstone  
The trough cross-stratification, plane bed laminations, clastic dikes, and 
hummocky cross-stratification found in the subarkose at Scout Mountain and South 
Portneuf Gap locales are all suggestive of deposition near and below fair-weather wave 
base in lower shoreface and offshore areas (Lamb et al., 2008). This facies is an abrupt 
change from the underlying lower diamictite and the sharp contact between the two is 
interpreted as an unconformity (Figure 3; Isakson, 2017). Higher up in many sections, 
this sandstone remains subarkosic, but is finer grained, interbedded with pervasively 
laminated green argillite and interpreted to indicate turbidite deposition. 
4.1.3. Red Pebble Sandstone 
The red sandstone sharply overlies the subarkosic turbidites and indicates an 
abrupt increase in coarse sand and gravel into a fluvial-deltaic environment. This is likely 
an unconformity and indicates a significant shift in shoreward facies. The mud-chip 
intraclasts indicate local reworking and the quartzite clasts could be reworked material 





4.1.3. Cobble Conglomerate 
The reddish sandstone is gradationally overlain by the clast-supported cobble 
conglomerate. Pebble to cobble (and rare boulder) sized quartzite, granitic, and rare 
volcanic clasts are commonly faceted with rounded edges, which suggests the input of 
reworked material from the lower diamictite. Interbedded cross-bedded sandstone 
represents sheet sands within a braided fluvio-deltaic system. The presence of the 
reworked exotic faceted clasts in this facies suggest the uplift of the underlying diamictite 
and high energy continental input. The cobble conglomerate represents delta top 
deposition and an overall increase system energy. 
4.1.4. Quartz Arenite and Siltstone 
Directly above the cobble conglomerate lies a tan, medium-grained, well sorted, 
sub-rounded, quartz arenite that is <50 cm thick. The sandstone grades into a dark gray 
laminated siltstone that hosts rare lonestones (Figure 14), which could be the result of a 
drastic decrease in energy and the demise of the hydrologic cycle on land (Partin and 
Sadler, 2016; Hoffman et al., 2017). As ice coverage increased, normal hydrologic 
processes would cease – resulting in less diverse and finer-grained deposition. The shift 
from high-energy deposition in the cobble conglomerate to this low-energy facies could 
be explained by the onset of glaciation, and the associated ice coverage. The presence of 





4.1.5. Upper Diamictite and overlying Siltstone 
The majority of the upper diamictite displays no clear organization and indicates 
resedimentation of glacial material on a slope. The exotic clasts are faceted and rarely 
striated – two diagnostic properties of glacially influenced sediment. The upper diamictite 
grades into a ~40 cm thick, dark gray laminated and rippled siltstone that hosts 
dropstones (Figure 14). The silty interval represents ice-melt, reworking of diamictite 
material, and the transition to carbonate deposition.   
4.1.6. Portneuf Cap Succession 
 Overlying the laminated siltstone is the sandy dolostone facies that we refer to 
here as the Portneuf Cap dolostone. The Portneuf Cap indicates deposition in a distally 
steepened shoreface, which resulted in the collapse of the slope and localized brecciation 
(Figure 16; Dehler et al., 2011). The rapid accumulation of quartz sand and carbonate 
likely overwhelmed the platform – ultimately causing it to fail in some areas (resulting in 
the dolomite-chip breccia facies). The laminated portions of this facies are likely areas 
where the slope did not fail. Many of the sedimentary structures and lithologic features of 
the Portneuf Cap are similar to other known exposures of Marinoan cap carbonates 
worldwide, yet the amount of siliciclastic material compared to other cap dolostones 
makes the Pocatello Formation and northern Utah correlatives unique in the sense that 
they appear to have a competing influx of sand in an area of rapid carbonate deposition 
(Hoffman, 2011; Dehler et al., 2011; Hoffman et al., 2017). 





similar to other known Marinoan cap carbonates worldwide (Halverson et al., 2005; 
Dehler et al., 2011; Hoffman et al., 2017). North Gap δ13C isotopic values range from -3 
to -7‰, South Gap values are almost entirely -4‰, Fort Hall values range from -3 to -6‰, 
and Scout Mountain values range from -4 to -5‰ (Lorentz et al., 2004; Dehler et al., 
2011). Previously published δ13C isotopic values for the Marinoan cap carbonate are 
typically between -4 and -6‰, so the majority of Pocatello Formation values align very 







Composite section from measured sections in this paper showing sample locations, ages, 






4.2. Sequence Boundaries and Age Constraints 
Four sequence boundaries (SB-1-4) are present in the Pocatello Formation (Figure 
25). We agree with Isakson (2017) that SB-1 is an unconformity between the lower 
diamictite and overlying subarkose. The physical contact is only exposed at Scout 
Mountain, and is sharp, erosive, and represents a flooding surface with on-lapping 
shoreface sands (Figure 3). In addition to the field observations, previous workers report 
MDAs (CA-ID TIMS U-Pb zircon) that bracket this unconformity between 685 Ma and 
~675 Ma (Keeley et al., 2013; Isakson, 2017). Our new CA-ID-TIMS maximum 
depositional ages from Scout Mountain constrain this unconformity to be younger than 
687 Ma and older than 658 Ma. These new ages indicate that the end Sturtian can be no 
younger than 658 Ma and that there could be millions of years represented by this 
surface. Following the Sturtian deglaciation, isostatic rebound would result in uplift, and 
the resumption of a more energetic hydrologic cycle would result in flooding and 
significant erosion – possibly explaining the sharp contact and absence of the Sturtian cap 
carbonate (Creveling and Mitrovica, 2014).  
 The transition from the top of the subarkosic turbidites into the reddish sandstone 
and quartzite cobble conglomerate is sharp and interpreted as SB-2. The dominant clast 
type in the cobble conglomerate is a faceted quartzite cobble which is consistent with the 
most common clast lithology in the lower diamictite, suggesting that these quartzite clasts 
were reworked from the lower diamictite. For this to be possible, there had to have been 
another period of truncated uplift / erosion to mobilize those sediments.   





finer-grained sand-dominated interval. This transition represents SB-3 and a significant 
decrease in system energy; there is no apparent erosion at this transition. This lower 
energy environment could indicate the onset of the Marinoan glaciation and a severe 
reduction in sediment accumulation rates (Partin and Sadler, 2016). 
 The contact between the upper diamictite and overlying sandy dolostone facies is 
apparently gradational and represents SB-4. The three 637 Ma MDAs from interbedded 
sandstone within the cap dolostone at Scout Mountain reinforces the interpretation that 
upper diamictite and the Portneuf Cap dolostone represent Marinoan deglaciation and is 
not part of the Sturtian episode as was previously suggested (Fanning and Link, 2004; 
Link and Christie-Blick, 2011). 
4.3. Provenance of the Pocatello Formation 
In some environments, detrital zircon populations can be used to identify changes 
in provenance and periods of basin reorganization (Yonkee et al., 2014; Dehler et al., 
2017). However, Neoproterozoic, Grenville, Paleoproterozoic, and Archean populations 
are common in all DZ samples from Scout Mountain. There is no apparent correlation 
between provenance sources and facies nor is there a relationship between provenance 
and sample location (Figure 23). These results suggest that basing stratigraphic 






5.1. Regional Stratigraphy 
5.1.1. Death Valley Correlatives 
 Cryogenian strata in the Panamint Range of California have lithologic and 
geochronologic similarities to the Pocatello Formation. The Kingston Peak Formation 
hosts two diamictites (Surprise and Wildrose submembers), separated by heterolithic 
strata, and are interpreted as Sturtian and Marinoan glacial deposits, respectively (Prave, 
1999; Petterson et al., 2011a). The Wildrose submember is overlain by the Noonday 
Dolomite, which represents the Marinoan deglaciation (Prave, 1999; Petterson et al., 
2011b). One of the most complete stratigraphic sections is found in Pleasant Canyon. 
Here, the Limekiln Spring Member, which sits below the Surprise Member diamictite, is 
a siliciclastic unit with rare lonestones, quartz arenite, and volcanic intervals near the top 
with a volcanic eruptive age of 705.4 ± 0.3 Ma (Figure 26; n=5, U-Pb, CA-ID-TIMS; 
Nelson et al., 2020). The overlying Surprise Member is characterized by a massive 
diamictite with minor pillow basalt, volcaniclastic rocks, and stratified diamictite 
interpreted to represent the Sturtian glaciation (Prave. 1999). The Surprise diamictite is 
sharply overlain by the Sourdough Limestone Member, which is interpreted to be the 
Sturtian cap limestone (Prave, 1999). The Sourdough Limestone is gradationally overlain 
by siltstone and shale, arkose, conglomerate, and quartz arenite of the South Park and 
Mountain Girl submembers. Above lies the carbonate-rich Thorndike submember, which 





Thorndike submember is unconformably overlain by the diamictite of the Wildrose 
submember, which is considered to represent the Marinoan glaciation (Prave, 1999). The 
Wildrose submember is overlain by the finely laminated peloidal dolostone of the 
Sentinel Peak Member of the Noonday Formation, which is interpreted as the Marinoan 











Composite stratigraphic columns from Death Valley, California and Pocatello, Idaho, 
with geochronologic constraints. Red lines are unconformities, black text shows ages 
from Nelson et al., (2020), blue text shows ages show existing radioisotopic ages from 
Isakson (2017), and red text shows new ages from this paper. Dashed black lines show 
inferred temporal correlation between the two regions and red shaded areas show inferred 
lithologic correlations. All displayed ages are U-PB CA-ID-TIMS. 
 
 
 Similarities between Death Valley and Pocatello stratigraphy could allow a 
Cryogenian depositional model to be generated for the western margin of Laurentia 
(Figure 26). The Limekiln Spring and Surprise members of the Kingston Peak Formation 
(specifically the Surprise diamictite) share lithologic and geochronologic similarities to 
the lower diamictite of the Pocatello Formation. The 705 Ma age from the Limekiln 
Spring Member is consistent with igneous clasts ca. 704.5 Ma, ~696 Ma ages from 
interbedded rhyolite flows, and new ~687 Ma ages (Figure 24) from the lower diamictite 
of the Pocatello Formation (see also Fanning and Link, 2004; Nelson et al., 2020). These 
ages are within the constraints of the Sturtian glaciation (Hoffman et al., 2017; Rooney et 
al., 2020). The Mountain Girl conglomerate likely represents a similar depositional 
setting to the cobble conglomerate of the Pocatello Formation because they fall in a 
similar stratigraphic level and are overlain by a carbonate facies. Finally, the Wildrose 
diamictite and overlying Noonday dolomite are correlative to the upper diamictite and 
Portneuf Cap dolostone of the Pocatello Formation, respectively.  
5.1.2. Northern Utah Stratigraphy  





exposed section hosts two diamictites separated by heterolithic strata and a capping 
dolostone that shares lithologic characteristics with the Portneuf Cap dolostone. The 
Promontory Point cap carbonate is a laminated and peloidal dolostone that displays tube 
structures, sheet cracks, and giant wave ripples, and it is overlain by a feldspathic 
sandstone that grades upward into argillite. δ13C isotopic values from the Fremont Island 
cap also match those found in the Pocatello Formation cap (-3 - -6 ‰; Dehler et al., 
2011). While the strata between the two diamictites are much finer grained and do not 
include a cobble conglomerate, this area is likely correlative to the Pocatello Formation 
and probably records the same SBE stratigraphy. The greater abundance of fine-grained 
material at Fremont Island may suggest that these strata were deposited in a deeper 
marine environment. 
5.2. Ediacaran Stratigraphy 
Approximately 1,500 m above the Portneuf Cap dolostone lies the contact between 
the Caddy Canyon Quartzite and Inkom formations, which is marked by incised valleys 
previously thought to be Marinoan in age (Figure 5; Levy et al., 1994; Yonkee et al., 
2014). This contact, interpreted as incision that occurred during the Marinoan glaciation, 
is also understood to be the base of the Ediacaran Period (Knoll et al., 2006; Yonkee et 
al., 2014). The 637 Ma ages from the Portneuf Cap dolostone require revision of the 
Cryogenian – Ediacaran boundary in the UT – ID region. The base of the Ediacaran is at 
the base of the Portneuf Cap succession and all strata above (to the top of the lower 
Camelback Formation) is Ediacaran in age (Figure 5). The new age constraints indicate 





during the Ediacaran. This time period would also have been marked by significantly 
faster (~2x) sediment accumulation rates than previously thought, since over twice the 
amount of sediment was deposited in the same amount of time. Figure 27 shows the 
original cumulative stratigraphic thickness over time curves from Yonkee et al., (2014), 
along with revised curves that use our new age data and measured thicknesses. The 
revised curve shows a pause in accumulation once from ~700 - ~658 Ma and again from 
~650 - ~637 Ma, and these pauses are interpreted to correlate with the Sturtian and 
Marinoan glaciations, respectively. The new curve also shows abrupt and significant 
increases in accumulation rates immediately following both glaciations. The increase that 
follows the Marinoan episode is far more drastic and could be due to widespread 
subsidence and a large-scale marine transgression, which agrees with depositional models 







Plot of cumulative thickness over time for the Cryogenian – Cambrian time periods in the UT-ID area. The blue curve shows original 
interpretations from Yonkee et al., 2014, while the red curve incorporates the new age data published in this thesis. Note the difference 
in accumulation rates from ~700 - ~615 Ma – the revised curve shows pauses in accumulation from 700 – 658 Ma and again from 651 
– 637 Ma while the origanal curve shows continued accumulation from 700-650 Ma. The drastic increase in accumulation rates seen 





5.3. Revised Paleogeographic Interpretations and new Volcanic Sources 
The interpretation that the Pocatello Formation contains deposits from the Sturtian 
and Marinoan glaciations allows revision to the paleogeographic maps from Yonkee et 
al., (2014). The modified reconstructions show the changes that this area experienced 
from ~750 Ma - ~550 Ma. The first adjustment shows the termination of the Sturtian 
glaciation at ~658 Ma (previously shown at ~660 Ma) which is based on the four 
overlapping grains in the subarkosic sandstone (Figure 28). The revision that shows the 
Marinoan glaciation present at ~640 Ma and the Marinoan deglaciation at ~637 Ma is 
supported by the three concordant grains in the Portneuf Cap dolostone (and lithologic 
characteristics similar to other Marinoan deglacial deposits; Figure 28). The previous 
versions of these maps did not show evidence for Marinoan glacial or deglacial deposits 
in this area but that was due to the lack of high precision geochronologic data, which we 
provide here.  
The presence of multiple concordant 658 Ma grains in the subarkosic sandstone 
(along with a singular ~658 Ma grain in the upper diamictite (Isakson, 2017)) and 
multiple concordant 637 Ma aged grains in the Portneuf Cap dolostone strongly suggest 
that these ages represent undocumented background sources of volcanic activity on 
Laurentia at ~637 Ma and at ~658 Ma. These grains could also be recording ~658 Ma and 
~637 Ma volcanic activity from one or more conjugate masses that were rifting apart 
from Laurentia at this time. Either interpretation could have broader implications for 














Figure 28 continued 
New geochronologic data presented in this paper have allowed us to reinterpret 
paleogeographic reconstructions that show interpreted sequence and timing of Snowball 
Earth events, sediment sources, and depositional environments (shown here). (A) Initial 
deposition in intracratonic basin. (B) Rift initiation and initial extension. (C) Rift 





of the Bannock Volcanic Member and deposition of the lower diamictite of the Scout 
Mountain Member of the Pocatello Formation. (D) Volcanism and rifting cease. 
Deposition of interglacial facies of the Pocatello Formation. (E) Height of Marinoan 
Glaciation. (F) Deposition of upper diamictite followed by the precipitation of the cap 
carbonate during deglaciation. (G) Final rifting before eventual transition to passive 
margin. Modified from Yonkee et al., (2014). 
 
5.4. Snowball Earth 
 The 687.38 ± 0.24 Ma (n=3) MDA from the lower diamictite and the 657.78 ± 
0.23 Ma (n=4) MDA from the overlying subarkosic sandstone show that 1) the lower 
diamictite is Sturtian in age – confirming the finding of Isakson (2017), 2) the two facies 
are unconformable and the contact between them could represent missing time, and 3) all 
facies stratigraphically above and including the subarkosic sandstone are post-Sturtian in 
age which contradicts the conclusion of Fanning and Link (2004). The 657.78 ± 0.23 Ma 
(n=4) MDA also provides a new constraint on the termination of the Sturtian glaciation 
which must have occurred prior to 658 Ma. This new constraint means that the 
Cryogenian nonglacial interlude lasted at least 6 m.y. (from 657.78 ± 0.23 Ma to 651.69 
± 0.64 Ma; Nelson et al., 2020).  
 The lithological and geochemical similarities of the Pocatello Formation cap 
dolostone coupled with a conformable contact with the underlying diamictite are 
extremely suggestive that this facies is a Marinoan deglacial deposit. Now, with the 
637.67 ± 0.23 Ma MDA from the cap (n = 3), we can confidently say that the Pocatello 
Formation is indeed host to the Marinoan cap carbonate and that deposits from both SBE 






Facies in the Pocatello Formation record fluvial – deltaic, shoreface, shallow to 
deep marine, turbiditic, and glacial deposition in a tectonically active area that 
experienced two extreme glacial episodes. Two glacial diamictites bind interglacial strata 
that show evidence for extremely high-energy systems. The Portneuf Cap dolostone’s 
lithologic characteristics that are described here, and the geochemical values from Dehler 
et al., (2011) corroborate with other Marinoan deglaciation deposits worldwide. 
New zircon U-Pb CA-ID-TIMS ages from the Pocatello Formation in SE Idaho 
show MDAs of 637.67 ± 0.23 Ma for the Portneuf Cap dolostone above the upper 
diamictite, 657.78 ± 0.23 Ma for the subarkosic sandstone facies above the lower 
diamictite, and 687.38 ± 0.24 Ma for the lower diamictite. These ages: 1) corroborate 
work by Isakson (2017) that shows the previously cited 667 Ma age from the Pocatello 
Formation records a background DZ population, and does not constrain the depositional 
age (Fanning and Link, 2004), 2) agree with the findings of Isakson (2017) and Keeley et 
al., (2013) to show that the lower diamictite was deposited during the Sturtian glaciation, 
3) the upper diamictite is a Marinoan deposit and that the Portneuf Cap was deposited 
during the Marinoan deglaciation, 4) provide a new duration constraint of ≥6 m.y. for the 
Cryogenian nonglacial interlude, 5) show that the Cryogenian / Ediacaran boundary is 
actually within the Pocatello Formation, and not the Brigham Group as previously 
thought.  
 The Pocatello Formation can be used as a new field analogue to study both 





Pocatello Formation can contribute to the global Neoproterozoic Snowball Earth record. 
Often, Snowball Earth deposits lack dateable material, making global correlation 
challenging. The geochronologic data and sedimentologic characteristics published here 
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Locality Section Name Section Start Section End
North Gap Bowl 12T 0390034 - 4740589 Top of Ridge
Big Nose 12T 0389359 - 4739982 12T 0389407 - 4739910
South Gap S. Gap 12T 0388924 - 4738111 12T 0389547 - 4737982
In Betweener 12T 0388854 - 4737526 12T 0389475 - 4737496
Fort Hall N. Fort Hall 12T 0389062 - 4736899 12T 0389426 - 4736959*
Fort Hall 12T 0389215 - 4736708 Top of Ridge
Scout Mountain Lower 12T 0389193 - 4726327 12T 0389511 - 4726162
Upper 12T 0389552 - 4724953 12T 0389824 - 4724761











Sample Name Facies Sampled Location GPS
CD16-SM-9 lower diamictite Scout Mountain 12T 0389298 - 4726893
CD16-SM-10 subarkosic sandstone Scout Mountain 12T 0389298 - 4726893
ME-19-7 cobble conglomerate Scout Mountain 12T 0389651 - 4725658
ME-19-8 upper diamictite Scout Mountain 12T 0389952 - 4725226



























U-Pb LA-ICPMS geochronological analyses for CD16-SM-9; n = 189.  
 
Isotope ratios Apparent ages (Ma)
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)
-Spot 151 408 169577 1.2 16.1513 0.7 0.9070 1.3 0.1063 1.0 0.82 651.1 6.4 655.4 6.1 670.2 15.6 651.1 6.4 97.2
-Spot 59 1211 68271 2.0 16.0625 0.6 0.9450 1.1 0.1101 0.9 0.84 673.5 5.7 675.5 5.3 682.0 12.5 673.5 5.7 98.8
-Spot 50 268 26348 1.7 15.6850 0.9 0.9748 1.5 0.1109 1.2 0.78 678.2 7.7 690.9 7.7 732.6 20.1 678.2 7.7 92.6
-Spot 2 56 36677 2.9 15.8336 0.8 0.9698 1.3 0.1114 1.0 0.77 681.0 6.6 688.4 6.6 712.6 17.8 681.0 6.6 95.6
-Spot 89 525 64536 2.4 16.0042 0.7 0.9697 1.2 0.1126 1.0 0.81 687.9 6.6 688.3 6.2 689.8 15.3 687.9 6.6 99.7
-Spot 128 246 30048 1.9 15.7882 0.7 0.9831 1.3 0.1126 1.1 0.82 687.9 6.9 695.2 6.4 718.7 15.4 687.9 6.9 95.7
-Spot 46 148 40720 2.5 16.0111 0.6 0.9709 1.1 0.1128 0.9 0.82 689.0 5.6 688.9 5.3 688.8 12.9 689.0 5.6 100.0
-Spot 102 141 60651 1.6 15.7230 0.7 0.9899 1.2 0.1129 0.9 0.80 689.7 6.1 698.7 5.9 727.5 15.0 689.7 6.1 94.8
-Spot 63 267 43619 1.6 15.9107 0.7 0.9786 1.2 0.1130 1.0 0.81 690.0 6.4 692.9 6.1 702.3 15.2 690.0 6.4 98.3
-Spot 52 326 31850 2.0 15.6794 0.9 0.9968 1.5 0.1134 1.3 0.81 692.5 8.2 702.2 7.8 733.4 18.9 692.5 8.2 94.4
-Spot 41 24 7496 1.0 16.3050 1.2 0.9626 1.6 0.1139 1.0 0.61 695.3 6.3 684.7 7.7 649.9 26.3 695.3 6.3 107.0
-Spot 187 53 6305 2.2 16.5533 1.2 0.9486 1.6 0.1139 1.0 0.64 695.6 6.7 677.4 7.8 617.4 26.3 695.6 6.7 112.7
-Spot 172 34 34151 1.9 15.2165 1.5 1.0335 1.7 0.1141 0.9 0.51 696.5 5.8 720.7 8.9 796.5 31.2 696.5 5.8 87.5
-Spot 88 31 3795 2.9 16.7667 1.6 0.9407 1.9 0.1144 1.0 0.54 698.5 6.7 673.3 9.3 589.7 34.4 698.5 6.7 118.5
-Spot 186 316 44090 2.2 16.1309 0.8 0.9787 1.5 0.1145 1.2 0.82 699.1 8.0 692.9 7.4 672.9 17.8 699.1 8.0 103.9
-Spot 159 193 40414 2.1 15.9253 0.7 1.0030 1.1 0.1159 0.8 0.75 706.9 5.4 705.4 5.5 700.3 15.1 706.9 5.4 100.9
-Spot 176 25 1751 1.6 15.0814 2.5 1.1145 2.7 0.1220 1.0 0.36 741.8 6.9 760.3 14.6 815.2 53.3 741.8 6.9 91.0
-Spot 28 119 82803 3.4 11.3441 0.7 2.8978 1.3 0.2385 1.1 0.85 1379.0 13.3 1381.3 9.6 1384.9 12.9 1384.9 12.9 99.6
-Spot 45 48 139045 1.5 11.0914 1.0 3.0259 1.4 0.2435 1.0 0.71 1404.9 12.4 1414.2 10.6 1428.1 18.9 1428.1 18.9 98.4
-Spot 146 43 63202 2.6 11.0721 0.9 3.1340 1.3 0.2518 1.0 0.75 1447.6 12.4 1441.1 9.9 1431.4 16.3 1431.4 16.3 101.1
-Spot 124 72 67040 2.2 11.0461 0.7 3.1625 1.1 0.2535 0.9 0.78 1456.3 11.4 1448.0 8.6 1435.9 13.4 1435.9 13.4 101.4
-Spot 25 171 59034 1.2 11.0046 0.7 3.0648 1.3 0.2447 1.0 0.82 1411.2 13.0 1423.9 9.6 1443.1 13.7 1443.1 13.7 97.8
-Spot 10 127 55922 1.7 10.9968 0.7 3.1239 1.1 0.2493 0.8 0.73 1434.6 10.3 1438.6 8.4 1444.4 14.3 1444.4 14.3 99.3
-Spot 57 107 845226 3.2 10.9545 0.7 3.1407 1.5 0.2496 1.3 0.89 1436.6 16.7 1442.7 11.3 1451.7 12.8 1451.7 12.8 99.0
-Spot 75 127 14948 2.6 10.8990 0.8 3.1282 1.2 0.2474 0.9 0.77 1424.9 11.7 1439.6 9.2 1461.4 14.6 1461.4 14.6 97.5
-Spot 129 94 2549767 1.2 10.8424 0.7 3.2002 1.2 0.2518 1.0 0.79 1447.6 12.5 1457.2 9.4 1471.3 14.0 1471.3 14.0 98.4
-Spot 69 39 7036 1.0 10.7239 1.0 3.2060 1.3 0.2495 0.9 0.69 1435.7 11.5 1458.6 10.1 1492.1 18.0 1492.1 18.0 96.2
-Spot 137 46 18144 2.1 10.4995 0.9 3.5163 1.5 0.2679 1.1 0.77 1530.0 15.4 1530.9 11.6 1532.0 17.5 1532.0 17.5 99.9
-Spot 196 90 87506 3.0 10.0049 0.8 3.9673 1.3 0.2880 0.9 0.75 1631.5 13.6 1627.5 10.2 1622.4 15.5 1622.4 15.5 100.6
-Spot 85 269 22260 3.1 9.9158 0.7 3.7793 1.4 0.2719 1.2 0.85 1550.5 16.3 1588.4 11.2 1639.0 13.5 1639.0 13.5 94.6
-Spot 162 340 37243 5.6 9.7803 0.7 3.4184 3.4 0.2426 3.3 0.98 1400.1 41.5 1508.6 26.6 1664.5 13.4 1664.5 13.4 84.1
-Spot 182 77 37898 1.9 9.7599 0.7 4.2537 1.2 0.3012 1.0 0.82 1697.4 15.2 1684.5 10.2 1668.3 13.2 1668.3 13.2 101.7
-Spot 136 196 24167 2.1 9.7222 0.6 3.3328 2.1 0.2351 2.0 0.96 1361.2 24.4 1488.8 16.2 1675.5 11.3 1675.5 11.3 81.2
-Spot 66 121 33914 2.9 9.6740 0.6 4.1920 1.2 0.2942 1.1 0.86 1662.7 15.5 1672.5 10.0 1684.7 11.4 1684.7 11.4 98.7
-Spot 78 37 38358 1.8 9.6723 0.8 4.2379 1.1 0.2974 0.7 0.67 1678.5 10.5 1681.4 8.7 1685.0 14.6 1685.0 14.6 99.6
-Spot 79 49 18592 3.1 9.6427 0.7 4.3972 1.3 0.3077 1.0 0.80 1729.1 15.3 1711.8 10.4 1690.7 13.7 1690.7 13.7 102.3
-Spot 141 17 8635 1.2 9.6383 0.9 4.4410 1.6 0.3106 1.3 0.81 1743.5 19.2 1720.0 12.9 1691.5 17.0 1691.5 17.0 103.1
-Spot 13 176 54401 3.4 9.6230 0.7 4.3998 1.0 0.3072 0.8 0.76 1726.9 11.7 1712.3 8.4 1694.4 12.2 1694.4 12.2 101.9
-Spot 175 222 16844 1.4 9.6145 0.8 3.6505 1.9 0.2547 1.7 0.89 1462.5 21.7 1560.6 14.8 1696.1 15.4 1696.1 15.4 86.2
-Spot 138 42 356626 2.1 9.6075 0.7 4.2391 1.2 0.2955 1.0 0.83 1669.0 14.7 1681.6 9.9 1697.4 12.5 1697.4 12.5 98.3
-Spot 72 62 32534 2.4 9.6064 0.9 4.5230 3.2 0.3153 3.0 0.96 1766.5 46.9 1735.2 26.2 1697.6 15.7 1697.6 15.7 104.1
-Spot 20 378 178379 6.1 9.5850 0.5 4.2753 1.0 0.2973 0.9 0.84 1678.1 12.7 1688.6 8.4 1701.7 10.1 1701.7 10.1 98.6





Tsble B.1. Continued 
 
-Spot 134 66 17847 2.9 9.5794 0.9 4.3699 1.4 0.3037 1.1 0.79 1709.8 16.8 1706.7 11.8 1702.8 16.2 1702.8 16.2 100.4
-Spot 19 178 920531 2.4 9.5744 0.5 4.3784 0.9 0.3042 0.7 0.84 1712.0 11.2 1708.3 7.4 1703.7 9.0 1703.7 9.0 100.5
-Spot 98 121 29064 3.5 9.5696 0.7 4.4324 1.1 0.3078 0.9 0.80 1729.7 13.2 1718.4 9.1 1704.7 12.2 1704.7 12.2 101.5
-Spot 38 144 234478 2.2 9.5664 0.6 4.4196 1.0 0.3068 0.8 0.77 1724.8 11.7 1716.0 8.3 1705.3 11.7 1705.3 11.7 101.1
-Spot 195 128 292525 1.2 9.5635 0.7 4.2931 1.3 0.2979 1.2 0.87 1680.9 17.0 1692.0 10.9 1705.8 12.1 1705.8 12.1 98.5
-Spot 3 62 39699 2.4 9.5542 0.7 4.4102 1.2 0.3057 1.0 0.82 1719.7 15.3 1714.3 10.2 1707.6 12.9 1707.6 12.9 100.7
-Spot 90 163 53182 3.8 9.5522 0.6 4.3587 1.2 0.3021 1.0 0.85 1701.7 15.0 1704.5 9.7 1708.0 11.4 1708.0 11.4 99.6
-Spot 103 76 51581 2.3 9.5502 0.7 4.3666 1.2 0.3026 1.0 0.84 1704.1 15.5 1706.0 10.2 1708.4 12.4 1708.4 12.4 99.7
-Spot 113 31 9676 2.1 9.5501 0.8 4.4903 1.1 0.3111 0.7 0.62 1746.4 10.2 1729.2 8.9 1708.4 15.4 1708.4 15.4 102.2
-Spot 149 91 16039 3.7 9.5432 0.6 4.4615 1.0 0.3089 0.8 0.79 1735.4 12.2 1723.8 8.4 1709.8 11.6 1709.8 11.6 101.5
-Spot 139 223 133669 3.4 9.5402 0.5 4.3341 1.1 0.3000 1.0 0.89 1691.4 14.5 1699.9 9.1 1710.3 9.3 1710.3 9.3 98.9
-Spot 206 84 158389 1.6 9.5340 0.7 4.2519 1.2 0.2941 0.9 0.78 1662.2 13.3 1684.1 9.6 1711.5 13.6 1711.5 13.6 97.1
-Spot 77 74 25522 5.2 9.5328 0.7 4.4861 1.4 0.3103 1.2 0.85 1742.2 17.7 1728.4 11.4 1711.8 13.5 1711.8 13.5 101.8
-Spot 203 206 1071316 3.5 9.5321 0.7 4.3727 1.1 0.3024 0.8 0.77 1703.4 12.6 1707.2 9.0 1711.9 12.7 1711.9 12.7 99.5
-Spot 157 85 31280 2.4 9.5294 0.7 4.5296 1.1 0.3132 0.9 0.79 1756.4 13.4 1736.4 9.2 1712.4 12.6 1712.4 12.6 102.6
-Spot 165 283 11483 2.0 9.5287 1.0 3.9308 1.8 0.2718 1.5 0.83 1549.8 20.4 1620.0 14.4 1712.6 18.2 1712.6 18.2 90.5
-Spot 150 155 356142 4.4 9.5243 0.5 4.3664 1.0 0.3017 0.9 0.86 1700.0 13.4 1706.0 8.6 1713.4 9.8 1713.4 9.8 99.2
-Spot 166 90 606163 3.5 9.5238 0.7 4.3995 1.2 0.3040 1.0 0.81 1711.2 14.3 1712.2 9.7 1713.5 12.8 1713.5 12.8 99.9
-Spot 170 155 161035 4.1 9.5168 0.6 4.4116 1.3 0.3046 1.1 0.87 1714.2 16.9 1714.5 10.7 1714.8 11.8 1714.8 11.8 100.0
-Spot 209 203 174592 5.1 9.5117 0.7 4.3554 1.1 0.3006 0.9 0.78 1694.2 12.9 1703.9 9.1 1715.8 12.7 1715.8 12.7 98.7
-Spot 156 210 53340 3.4 9.5113 0.7 4.1832 1.3 0.2887 1.0 0.81 1635.0 15.0 1670.7 10.5 1715.9 13.6 1715.9 13.6 95.3
-Spot 147 72 49323 2.4 9.5051 0.8 4.4572 1.4 0.3074 1.2 0.83 1727.9 17.8 1723.0 11.7 1717.1 14.6 1717.1 14.6 100.6
-Spot 190 60 34007 6.3 9.5041 0.9 4.6574 1.5 0.3212 1.2 0.80 1795.5 19.4 1759.6 12.9 1717.3 16.9 1717.3 16.9 104.6
-Spot 8 97 66440 1.9 9.5023 0.7 4.4570 1.1 0.3073 0.9 0.79 1727.4 13.6 1723.0 9.5 1717.7 12.9 1717.7 12.9 100.6
-Spot 207 26 6380 2.4 9.5001 1.0 4.3447 1.4 0.2995 1.0 0.70 1688.8 14.5 1701.9 11.5 1718.1 18.3 1718.1 18.3 98.3
-Spot 120 209 60357 2.4 9.4830 0.6 4.3395 1.1 0.2986 0.9 0.84 1684.3 14.0 1700.9 9.3 1721.4 11.4 1721.4 11.4 97.8
-Spot 62 236 7352 1.0 9.4763 0.9 3.5408 2.4 0.2435 2.2 0.93 1404.7 28.1 1536.4 19.0 1722.7 16.2 1722.7 16.2 81.5
-Spot 18 74 29928 1.5 9.4756 0.7 4.5559 1.1 0.3132 0.8 0.77 1756.6 12.4 1741.2 8.8 1722.8 12.4 1722.8 12.4 102.0
-Spot 15 156 45734 2.4 9.4729 0.7 4.3363 1.4 0.2980 1.2 0.86 1681.6 17.7 1700.3 11.4 1723.4 13.0 1723.4 13.0 97.6
-Spot 105 216 96305 1.1 9.4711 0.4 4.3393 1.2 0.2982 1.1 0.93 1682.4 16.1 1700.9 9.7 1723.7 8.2 1723.7 8.2 97.6
-Spot 4 104 53293 3.0 9.4701 0.8 4.4263 1.2 0.3041 0.9 0.75 1711.8 13.1 1717.3 9.6 1723.9 13.9 1723.9 13.9 99.3
-Spot 181 126 84530 3.5 9.4660 0.7 4.4513 1.1 0.3057 0.9 0.80 1719.7 13.3 1721.9 9.2 1724.7 12.2 1724.7 12.2 99.7
-Spot 188 105 161941 3.5 9.4619 0.9 4.4336 1.4 0.3044 1.1 0.80 1713.0 17.1 1718.6 11.8 1725.5 15.8 1725.5 15.8 99.3
-Spot 99 93 29173 2.1 9.4597 0.7 4.3190 1.3 0.2964 1.1 0.84 1673.7 15.6 1697.0 10.4 1725.9 12.7 1725.9 12.7 97.0
-Spot 53 160 386079 3.8 9.4582 0.6 4.3350 1.1 0.2975 0.9 0.82 1678.9 13.6 1700.0 9.2 1726.2 11.6 1726.2 11.6 97.3
-Spot 32 164 43489 4.5 9.4556 0.7 4.5353 0.8 0.3112 0.5 0.64 1746.4 8.2 1737.5 7.0 1726.7 12.0 1726.7 12.0 101.1
-Spot 169 110 33763 2.2 9.4519 0.8 4.4308 1.3 0.3039 1.1 0.81 1710.5 15.8 1718.1 10.8 1727.4 14.2 1727.4 14.2 99.0
-Spot 160 183 106339 3.3 9.4421 0.6 4.4326 1.2 0.3037 1.1 0.87 1709.5 16.2 1718.5 10.2 1729.3 11.1 1729.3 11.1 98.9
-Spot 11 98 44680 1.6 9.4365 0.6 4.4992 1.0 0.3081 0.8 0.81 1731.1 12.8 1730.8 8.7 1730.4 11.3 1730.4 11.3 100.0
-Spot 24 112 29462 3.3 9.4327 0.8 4.4079 1.4 0.3017 1.2 0.82 1699.6 17.7 1713.8 11.9 1731.2 14.9 1731.2 14.9 98.2
-Spot 193 206 167885 3.2 9.4321 0.7 4.2817 1.3 0.2930 1.2 0.87 1656.6 16.8 1689.8 10.9 1731.3 12.1 1731.3 12.1 95.7
-Spot 54 148 187902 3.5 9.4254 0.6 4.4961 1.6 0.3075 1.5 0.92 1728.3 22.0 1730.2 13.1 1732.6 11.4 1732.6 11.4 99.8
-Spot 14 215 121085 7.7 9.4242 0.6 4.4898 1.0 0.3070 0.8 0.78 1726.0 11.6 1729.1 8.2 1732.8 11.3 1732.8 11.3 99.6
-Spot 22 81 61910 2.0 9.4202 0.7 4.4862 1.4 0.3066 1.2 0.88 1724.2 18.9 1728.4 11.8 1733.6 12.2 1733.6 12.2 99.5





Table B.1. Continued 
 
-Spot 127 124 45765 2.5 9.4083 0.6 4.5095 1.1 0.3078 1.0 0.87 1730.1 14.6 1732.7 9.2 1735.9 10.1 1735.9 10.1 99.7
-Spot 17 105 1407718 2.0 9.4041 0.8 4.5577 1.1 0.3110 0.8 0.71 1745.6 12.5 1741.6 9.5 1736.7 14.7 1736.7 14.7 100.5
-Spot 23 216 114647 4.0 9.3959 0.6 4.2977 1.2 0.2930 1.0 0.84 1656.5 14.3 1692.9 9.7 1738.3 11.8 1738.3 11.8 95.3
-Spot 116 50 33485 5.2 9.3887 0.7 4.4555 1.4 0.3035 1.2 0.86 1708.8 17.6 1722.7 11.3 1739.7 12.8 1739.7 12.8 98.2
-Spot 70 121 203362 3.2 9.3861 0.7 4.2395 1.4 0.2887 1.2 0.87 1635.2 17.3 1681.7 11.4 1740.2 12.5 1740.2 12.5 94.0
-Spot 125 89 38939 2.0 9.3733 0.7 4.4977 1.3 0.3059 1.1 0.83 1720.5 16.0 1730.5 10.5 1742.7 12.8 1742.7 12.8 98.7
-Spot 92 145 41474 3.8 9.3694 0.8 4.5049 1.4 0.3063 1.1 0.79 1722.3 16.1 1731.9 11.2 1743.5 15.2 1743.5 15.2 98.8
-Spot 35 119 86043 2.7 9.3658 0.6 4.4860 1.1 0.3049 0.9 0.82 1715.3 13.5 1728.4 9.1 1744.2 11.6 1744.2 11.6 98.3
-Spot 39 138 49328 3.3 9.3602 0.7 4.4083 1.0 0.2994 0.7 0.72 1688.3 10.9 1713.9 8.5 1745.3 13.1 1745.3 13.1 96.7
-Spot 9 100 49708 3.3 9.3533 0.6 4.7415 1.2 0.3218 1.0 0.86 1798.5 16.4 1774.6 10.2 1746.6 11.4 1746.6 11.4 103.0
-Spot 130 383 28391 1.6 9.3122 0.6 3.9717 1.4 0.2684 1.2 0.90 1532.5 16.8 1628.4 11.1 1754.7 10.9 1754.7 10.9 87.3
-Spot 189 608 38184 5.8 9.2988 0.6 3.8101 0.9 0.2571 0.7 0.76 1474.8 9.2 1594.9 7.4 1757.3 10.9 1757.3 10.9 83.9
-Spot 93 131 8966 2.7 9.2986 0.6 4.5819 1.0 0.3091 0.8 0.81 1736.5 12.2 1746.0 8.3 1757.4 10.8 1757.4 10.8 98.8
-Spot 117 299 71269 3.2 9.2983 0.7 4.5892 1.2 0.3096 1.0 0.79 1738.8 14.9 1747.3 10.2 1757.4 13.7 1757.4 13.7 98.9
-Spot 108 37 28314 1.8 9.2951 0.7 4.8570 1.5 0.3276 1.4 0.88 1826.6 21.6 1794.8 13.0 1758.1 13.6 1758.1 13.6 103.9
-Spot 192 81 52893 2.9 9.2762 0.9 4.6123 1.4 0.3104 1.2 0.81 1742.9 17.8 1751.5 12.1 1761.8 15.5 1761.8 15.5 98.9
-Spot 83 186 29379 2.0 9.2715 0.6 4.4485 1.2 0.2993 1.0 0.84 1687.6 14.6 1721.4 9.7 1762.7 11.6 1762.7 11.6 95.7
-Spot 30 226 52336 1.0 9.2444 0.6 4.6811 1.1 0.3140 0.9 0.81 1760.3 13.6 1763.9 9.0 1768.1 11.5 1768.1 11.5 99.6
-Spot 42 223 31432 1.0 9.2390 0.6 4.4560 1.3 0.2987 1.1 0.87 1684.9 16.3 1722.8 10.5 1769.1 11.4 1769.1 11.4 95.2
-Spot 115 129 937757 3.8 9.1811 0.5 4.7558 1.1 0.3168 1.0 0.90 1774.2 15.4 1777.1 9.3 1780.6 8.8 1780.6 8.8 99.6
-Spot 95 130 12088 4.8 9.0780 0.6 4.6579 1.0 0.3068 0.7 0.75 1725.0 10.9 1759.7 8.1 1801.2 11.7 1801.2 11.7 95.8
-Spot 177 150 3653 1.5 8.9999 3.2 4.2434 3.6 0.2771 1.7 0.46 1576.8 23.3 1682.5 29.7 1816.9 58.2 1816.9 58.2 86.8
-Spot 26 399 6703 2.1 8.9003 0.8 4.2860 1.4 0.2768 1.2 0.84 1575.1 16.9 1690.7 11.8 1837.1 14.1 1837.1 14.1 85.7
-Spot 109 570 53505 2.4 8.6813 1.0 4.6566 2.0 0.2933 1.7 0.85 1658.1 24.4 1759.5 16.4 1882.1 18.4 1882.1 18.4 88.1
-Spot 148 126 5071 3.0 8.6612 2.1 4.6804 2.7 0.2941 1.6 0.60 1662.2 23.5 1763.7 22.4 1886.2 38.7 1886.2 38.7 88.1
-Spot 65 355 88665 7.0 8.1030 0.9 5.7896 1.7 0.3404 1.5 0.85 1888.6 24.0 1944.9 14.9 2005.3 16.0 2005.3 16.0 94.2
-Spot 61 58 12774 4.9 7.9643 0.8 6.3519 1.2 0.3671 0.9 0.74 2015.6 14.9 2025.6 10.2 2035.9 13.8 2035.9 13.8 99.0
-Spot 107 92 61618 1.6 7.6326 0.7 6.9450 1.1 0.3846 0.9 0.79 2097.9 15.2 2104.4 9.6 2110.9 11.8 2110.9 11.8 99.4
-Spot 183 486 83188 4.7 7.6070 1.0 5.7282 1.4 0.3162 0.9 0.69 1771.0 14.4 1935.6 11.8 2116.8 17.4 2116.8 17.4 83.7
-Spot 179 136 75095 2.2 7.0283 0.7 7.6199 1.2 0.3886 1.0 0.82 2116.3 17.6 2187.2 10.6 2254.4 11.6 2254.4 11.6 93.9
-Spot 86 171 115228 2.2 6.7855 0.4 8.3187 1.1 0.4096 1.0 0.91 2213.0 18.0 2266.4 9.6 2314.9 7.4 2314.9 7.4 95.6
-Spot 34 221 43866 3.0 6.4367 0.6 9.5019 1.2 0.4438 1.0 0.86 2367.5 20.3 2387.7 10.9 2405.0 10.3 2405.0 10.3 98.4
-Spot 198 118 32341 2.6 6.4010 0.9 9.3276 1.9 0.4332 1.6 0.88 2320.2 32.1 2370.7 17.2 2414.5 15.0 2414.5 15.0 96.1
-Spot 194 60 153126 3.2 6.3983 0.7 10.0313 1.3 0.4657 1.0 0.83 2464.7 21.4 2437.7 11.6 2415.2 11.8 2415.2 11.8 102.0
-Spot 80 365 823345 2.9 6.3896 1.0 8.8376 1.6 0.4097 1.3 0.80 2213.7 23.8 2321.4 14.5 2417.5 16.3 2417.5 16.3 91.6
-Spot 104 261 1030277 5.1 6.3884 0.7 9.2618 1.5 0.4293 1.3 0.89 2302.6 25.3 2364.2 13.4 2417.8 11.2 2417.8 11.2 95.2
-Spot 112 222 277416 3.0 6.3754 0.6 9.6096 1.5 0.4445 1.3 0.91 2370.9 26.2 2398.1 13.4 2421.3 10.4 2421.3 10.4 97.9
-Spot 201 128 55612 2.4 6.3633 0.5 9.7600 1.0 0.4506 0.9 0.86 2398.0 17.9 2412.4 9.6 2424.5 9.1 2424.5 9.1 98.9
-Spot 91 99 37903 3.6 6.3526 0.5 9.5090 1.1 0.4383 1.0 0.90 2343.0 19.5 2388.4 10.1 2427.3 8.2 2427.3 8.2 96.5
-Spot 43 158 187635 3.5 6.3164 0.5 9.7683 1.1 0.4477 0.9 0.88 2385.0 18.8 2413.2 9.8 2437.0 8.5 2437.0 8.5 97.9
-Spot 205 134 924063 2.7 6.2861 0.7 9.3513 1.4 0.4265 1.2 0.88 2290.0 23.1 2373.1 12.5 2445.2 11.0 2445.2 11.0 93.7
-Spot 144 310 151627 4.4 6.2845 0.6 10.2861 1.3 0.4690 1.1 0.86 2479.4 22.9 2460.9 11.9 2445.6 11.0 2445.6 11.0 101.4
-Spot 184 151 474028 2.9 6.2746 0.6 9.8976 1.1 0.4506 0.9 0.82 2398.0 17.4 2425.3 9.9 2448.3 10.5 2448.3 10.5 97.9
-Spot 73 305 39710 2.8 6.2547 0.6 9.6288 1.6 0.4370 1.5 0.92 2337.1 29.4 2399.9 14.9 2453.6 10.5 2453.6 10.5 95.3





Table B.1. Continued 
 
-Spot 122 142 64923 3.0 6.2449 0.7 10.4330 1.2 0.4727 1.0 0.82 2495.6 19.9 2474.0 10.8 2456.3 11.3 2456.3 11.3 101.6
-Spot 132 63 36441 2.1 6.2393 0.6 10.2360 1.1 0.4634 0.9 0.82 2454.5 18.1 2456.3 10.0 2457.8 10.4 2457.8 10.4 99.9
-Spot 87 136 112246 3.9 6.2327 0.7 9.9708 1.2 0.4509 1.0 0.81 2399.3 19.1 2432.1 10.9 2459.6 11.8 2459.6 11.8 97.5
-Spot 33 178 66428 3.2 6.2319 0.5 10.2809 1.0 0.4649 0.8 0.84 2461.1 16.7 2460.4 9.1 2459.8 9.1 2459.8 9.1 100.1
-Spot 200 331 1777448 5.1 6.2293 0.6 9.6932 1.4 0.4381 1.2 0.89 2342.2 24.5 2406.1 12.9 2460.5 10.8 2460.5 10.8 95.2
-Spot 74 199 5491513 3.6 6.2223 0.6 10.5191 1.2 0.4749 1.0 0.88 2505.1 21.5 2481.6 11.0 2462.4 9.6 2462.4 9.6 101.7
-Spot 164 157 160331 2.8 6.2110 0.6 10.2647 1.2 0.4626 1.0 0.85 2451.0 20.7 2458.9 11.0 2465.5 10.6 2465.5 10.6 99.4
-Spot 47 116 57201 3.1 6.2025 0.8 10.3650 1.4 0.4665 1.2 0.82 2468.1 24.3 2467.9 13.4 2467.8 14.0 2467.8 14.0 100.0
-Spot 37 455 79919 2.5 6.2019 1.1 8.2450 1.9 0.3710 1.6 0.83 2034.2 28.3 2258.3 17.6 2468.0 18.1 2468.0 18.1 82.4
-Spot 140 122 208882 2.1 6.1918 0.6 10.3486 1.1 0.4649 0.9 0.81 2461.3 18.1 2466.5 10.2 2470.7 10.9 2470.7 10.9 99.6
-Spot 174 141 47410 2.9 6.1832 0.6 9.2712 1.1 0.4159 1.0 0.86 2242.0 18.3 2365.2 10.3 2473.1 9.6 2473.1 9.6 90.7
-Spot 142 185 49131 3.3 6.1767 0.6 10.2262 1.3 0.4583 1.2 0.89 2432.1 23.9 2455.4 12.3 2474.8 10.4 2474.8 10.4 98.3
-Spot 163 187 52959 3.3 6.1702 0.7 10.2666 1.4 0.4596 1.2 0.85 2437.9 24.3 2459.1 13.0 2476.6 12.3 2476.6 12.3 98.4
-Spot 60 88 77121 2.6 6.1688 0.8 10.5861 1.4 0.4738 1.2 0.83 2500.3 24.1 2487.5 12.9 2477.0 12.9 2477.0 12.9 100.9
-Spot 76 116 52611 3.3 6.1625 0.7 10.3375 1.3 0.4622 1.1 0.83 2449.4 22.4 2465.5 12.2 2478.7 12.3 2478.7 12.3 98.8
-Spot 27 138 81848 3.1 6.1525 0.6 10.6545 1.1 0.4756 0.9 0.82 2508.2 18.4 2493.5 10.1 2481.4 10.6 2481.4 10.6 101.1
-Spot 111 98 44062 3.5 6.1447 0.7 10.2556 1.3 0.4572 1.1 0.84 2427.4 23.0 2458.1 12.5 2483.6 12.2 2483.6 12.2 97.7
-Spot 81 158 57356 3.2 6.1418 0.7 10.2576 1.5 0.4571 1.3 0.88 2426.8 26.1 2458.3 13.5 2484.4 11.6 2484.4 11.6 97.7
-Spot 36 152 472660 3.2 6.1404 0.7 10.5885 1.3 0.4718 1.1 0.86 2491.3 23.4 2487.7 12.1 2484.8 11.1 2484.8 11.1 100.3
-Spot 152 170 58100 2.3 6.1337 0.8 10.4159 1.1 0.4636 0.8 0.70 2455.3 15.4 2472.5 10.0 2486.6 13.0 2486.6 13.0 98.7
-Spot 114 252 356468 3.0 6.1311 0.7 10.3530 1.5 0.4606 1.2 0.86 2442.1 25.3 2466.9 13.4 2487.3 12.6 2487.3 12.6 98.2
-Spot 106 196 112784 3.4 6.1300 0.8 10.7238 1.3 0.4770 1.1 0.82 2514.1 22.9 2499.5 12.5 2487.6 13.2 2487.6 13.2 101.1
-Spot 101 136 34997 3.0 6.1290 0.6 10.5940 1.2 0.4711 1.0 0.85 2488.5 20.8 2488.2 11.0 2487.9 10.4 2487.9 10.4 100.0
-Spot 97 133 166662 3.0 6.1245 0.6 10.6796 1.2 0.4746 1.0 0.87 2503.6 20.9 2495.6 10.8 2489.2 9.6 2489.2 9.6 100.6
-Spot 64 167 166163 2.8 6.1219 0.7 10.5234 1.2 0.4674 1.0 0.80 2472.3 20.4 2482.0 11.4 2489.9 12.4 2489.9 12.4 99.3
-Spot 153 130 38536 2.7 6.1183 1.0 10.1727 1.4 0.4516 0.9 0.69 2402.4 18.9 2450.6 12.6 2490.9 16.7 2490.9 16.7 96.4
-Spot 58 211 117239 3.2 6.1092 0.6 10.5720 1.5 0.4686 1.4 0.93 2477.5 28.2 2486.3 13.7 2493.4 9.3 2493.4 9.3 99.4
-Spot 199 196 443342 3.1 6.1046 0.9 10.4596 1.7 0.4633 1.5 0.86 2454.1 30.0 2476.3 15.8 2494.6 14.7 2494.6 14.7 98.4
-Spot 48 364 47024003 2.9 6.0891 0.8 9.9835 1.3 0.4411 1.0 0.81 2355.5 20.6 2433.3 11.9 2498.9 12.7 2498.9 12.7 94.3
-Spot 56 387 775185 4.4 6.0861 0.9 9.6838 1.4 0.4276 1.1 0.80 2295.0 22.2 2405.2 13.1 2499.8 14.3 2499.8 14.3 91.8
-Spot 71 169 114906 2.7 6.0826 0.7 10.6055 1.2 0.4681 1.0 0.81 2475.1 20.6 2489.2 11.5 2500.7 12.3 2500.7 12.3 99.0
-Spot 197 195 88990 3.1 6.0789 0.6 10.4439 1.1 0.4607 1.0 0.84 2442.4 19.5 2475.0 10.6 2501.7 10.5 2501.7 10.5 97.6
-Spot 167 177 198573 3.6 6.0754 0.7 10.2306 1.1 0.4510 0.8 0.76 2399.6 16.7 2455.8 10.1 2502.7 11.9 2502.7 11.9 95.9
-Spot 180 142 56647 3.4 6.0412 0.9 10.7120 1.7 0.4695 1.4 0.85 2481.6 29.1 2498.5 15.3 2512.2 14.4 2512.2 14.4 98.8
-Spot 210 365 59789 2.4 6.0389 0.6 10.1490 1.2 0.4447 1.0 0.84 2371.6 19.3 2448.4 10.7 2512.9 10.6 2512.9 10.6 94.4
-Spot 110 346 1034718 3.3 5.9898 0.8 10.5565 1.4 0.4588 1.1 0.81 2434.2 22.8 2484.9 12.9 2526.6 13.7 2526.6 13.7 96.3
-Spot 178 382 12882 5.4 5.9613 0.5 9.7321 1.4 0.4210 1.3 0.93 2264.8 24.7 2409.7 12.8 2534.6 8.4 2534.6 8.4 89.4
-Spot 94 399 268199 3.0 5.9537 0.6 10.2252 1.2 0.4417 1.0 0.85 2358.3 19.8 2455.4 10.9 2536.7 10.4 2536.7 10.4 93.0
-Spot 1 589 130647 19.4 5.9140 0.6 9.5572 1.1 0.4101 0.9 0.85 2215.4 17.6 2393.1 10.2 2547.9 9.9 2547.9 9.9 86.9
-Spot 51 447 81722 5.5 5.9056 0.7 9.4623 1.2 0.4055 0.9 0.81 2194.2 17.5 2383.9 10.6 2550.3 11.3 2550.3 11.3 86.0
-Spot 82 435 174310 3.0 5.8496 0.8 10.3559 1.4 0.4395 1.1 0.80 2348.6 21.9 2467.1 12.9 2566.2 13.9 2566.2 13.9 91.5
-Spot 185 394 1134544 2.7 5.8314 0.7 10.7448 1.4 0.4546 1.2 0.87 2415.8 24.3 2501.3 12.9 2571.4 11.6 2571.4 11.6 93.9
-Spot 7 76 589860 3.1 5.8309 0.6 11.4686 1.1 0.4852 0.9 0.84 2549.9 19.5 2562.0 10.3 2571.6 9.9 2571.6 9.9 99.2
-Spot 96 588 501904 2.0 5.7645 0.5 9.6124 1.0 0.4021 0.8 0.85 2178.5 15.4 2398.4 9.0 2590.7 8.6 2590.7 8.6 84.1
-Spot 5 587 2516060 2.1 5.6990 0.9 10.5664 1.6 0.4369 1.4 0.85 2336.9 27.5 2485.8 15.2 2609.8 14.3 2609.8 14.3 89.5


















-Spot 40 76 37512 1.1 5.4388 0.6 13.2508 1.1 0.5229 1.0 0.84 2711.6 21.4 2697.7 10.8 2687.3 10.3 2687.3 10.3 100.9
-Spot 168 47 29054 2.9 5.3029 0.6 13.6067 1.1 0.5235 0.9 0.82 2714.2 19.1 2722.7 9.9 2729.0 9.9 2729.0 9.9 99.5
-Spot 68 49 21943 2.5 5.2932 0.7 13.9211 1.2 0.5347 0.9 0.81 2761.1 21.3 2744.4 11.1 2732.1 11.2 2732.1 11.2 101.1
-Spot 55 1014 218125 2.6 4.8309 0.6 13.1085 1.1 0.4595 0.9 0.83 2437.3 19.2 2687.5 10.7 2881.5 10.3 2881.5 10.3 84.6
-Spot 155 346 481132 2.2 4.7518 0.5 14.6895 1.3 0.5065 1.2 0.91 2641.5 25.1 2795.3 12.1 2908.3 8.6 2908.3 8.6 90.8
-Spot 121 249 221371 4.7 4.6549 0.5 17.0285 1.3 0.5751 1.1 0.91 2928.9 26.9 2936.4 12.0 2941.6 8.2 2941.6 8.2 99.6
-Spot 31 259 8959889 2.7 4.6269 0.6 17.0314 1.3 0.5718 1.2 0.89 2915.1 27.2 2936.6 12.5 2951.3 9.6 2951.3 9.6 98.8
-Spot 21 221 58008 3.2 4.5467 0.7 16.6326 1.7 0.5487 1.5 0.90 2819.8 34.9 2913.9 16.3 2979.6 11.9 2979.6 11.9 94.6
-Spot 171 315 643891 2.5 4.5464 0.7 16.6734 1.4 0.5500 1.2 0.88 2825.3 28.5 2916.2 13.6 2979.6 11.0 2979.6 11.0 94.8






U-Pb LA-ICPMS geochronological analyses for CD16-SM-10; n = 225. 
 
Isotope ratios Apparent ages (Ma)
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)
-CD16-SM-10 Spot 0 102 7449 2.5 16.1867 1.2 0.9298 1.5 0.1092 0.9 0.61 668.1 5.9 667.5 7.5 665.5 25.9 668.1 5.9 100.4
-CD16-SM-10 Spot 213 195 8542 2.4 16.0618 0.8 0.9458 1.3 0.1102 1.0 0.81 674.1 6.7 675.9 6.4 682.1 16.1 674.1 6.7 98.8
-CD16-SM-10 Spot 184 283 23592 2.4 16.0710 0.8 0.9530 1.1 0.1111 0.9 0.75 679.3 5.6 679.7 5.7 680.9 16.2 679.3 5.6 99.8
-CD16-SM-10 Spot 195 68 23697 2.6 15.8276 1.1 0.9765 1.4 0.1121 0.9 0.62 685.2 5.7 691.8 7.1 713.4 23.6 685.2 5.7 96.0
-CD16-SM-10 Spot 43 97 5731 1.7 15.7804 1.1 0.9806 1.3 0.1123 0.7 0.56 686.0 4.7 693.9 6.4 719.7 22.4 686.0 4.7 95.3
-CD16-SM-10 Spot 14 146 20895 1.5 15.8848 0.9 0.9752 1.2 0.1124 0.8 0.69 686.7 5.5 691.2 6.1 705.7 18.7 686.7 5.5 97.3
-CD16-SM-10 Spot 158 241 42199 1.0 16.0976 0.6 0.9628 1.1 0.1125 0.9 0.82 687.0 5.6 684.8 5.3 677.3 13.0 687.0 5.6 101.4
-CD16-SM-10 Spot 174 53 4983 2.4 16.5135 2.4 0.9394 2.7 0.1126 1.0 0.38 687.6 6.6 672.5 13.0 622.6 52.8 687.6 6.6 110.4
-CD16-SM-10 Spot 218 61 5520 2.5 15.3152 1.0 1.0192 1.3 0.1133 0.9 0.66 691.6 5.7 713.5 6.7 782.9 20.6 691.6 5.7 88.3
-CD16-SM-10 Spot 175 309 20448 2.0 16.1368 0.7 0.9716 1.0 0.1138 0.6 0.65 694.6 4.1 689.3 4.8 672.2 15.7 694.6 4.1 103.3
-CD16-SM-10 Spot 160 72 20787 2.4 15.8564 1.0 0.9897 1.4 0.1139 1.0 0.69 695.2 6.3 698.6 7.0 709.5 21.4 695.2 6.3 98.0
-CD16-SM-10 Spot 153 57 15863 2.0 15.6503 1.0 1.0069 1.4 0.1143 0.9 0.65 697.9 5.9 707.3 6.9 737.3 21.8 697.9 5.9 94.7
-CD16-SM-10 Spot 19 70 51201 2.6 15.9195 1.0 0.9921 1.5 0.1146 1.1 0.73 699.4 7.2 699.8 7.6 701.1 21.9 699.4 7.2 99.8
-CD16-SM-10 Spot 154 47 4031 2.3 15.7554 2.0 1.0070 2.3 0.1151 1.1 0.47 702.4 7.1 707.4 11.5 723.1 42.4 702.4 7.1 97.1
-CD16-SM-10 Spot 155 79 19966 0.8 14.5267 1.0 1.4581 1.3 0.1537 0.8 0.65 921.6 7.2 913.2 7.7 893.0 20.0 893.0 20.0 103.2
-CD16-SM-10 Spot 85 377 169654 1.4 13.8133 0.7 1.7080 1.1 0.1712 0.8 0.75 1018.7 7.7 1011.5 7.0 996.1 14.6 996.1 14.6 102.3
-CD16-SM-10 Spot 234 318 28586 3.7 13.6794 0.6 1.6691 0.8 0.1657 0.6 0.66 988.2 5.0 996.8 5.3 1015.9 12.9 1015.9 12.9 97.3
-CD16-SM-10 Spot 62 202 185904 1.4 13.4905 0.6 1.7712 1.0 0.1734 0.8 0.83 1030.7 7.9 1035.0 6.5 1044.0 11.3 1044.0 11.3 98.7
-CD16-SM-10 Spot 49 54 8878 1.1 13.4681 0.9 1.7933 1.3 0.1752 0.9 0.70 1040.9 8.8 1043.0 8.5 1047.4 18.8 1047.4 18.8 99.4
-CD16-SM-10 Spot 196 77 13136 1.2 13.3477 1.1 1.8709 1.6 0.1812 1.2 0.74 1073.5 11.9 1070.8 10.8 1065.5 22.1 1065.5 22.1 100.8
-CD16-SM-10 Spot 65 138 9181 2.0 13.3397 0.6 1.8088 1.2 0.1751 1.0 0.85 1040.0 9.8 1048.6 7.9 1066.7 12.9 1066.7 12.9 97.5
-CD16-SM-10 Spot 146 149 32854 1.8 13.3110 0.6 1.8908 1.0 0.1826 0.7 0.74 1081.2 7.0 1077.8 6.3 1071.0 12.9 1071.0 12.9 101.0
-CD16-SM-10 Spot 214 228 19735 1.2 13.2566 0.5 1.8983 1.1 0.1826 0.9 0.86 1081.1 9.0 1080.5 7.0 1079.2 10.8 1079.2 10.8 100.2
-CD16-SM-10 Spot 246 84 30658 1.7 13.1941 0.9 1.8629 1.4 0.1783 1.0 0.75 1057.9 10.0 1068.0 8.9 1088.7 17.8 1088.7 17.8 97.2
-CD16-SM-10 Spot 105 198 355266 0.8 13.1459 0.6 1.9023 1.2 0.1815 1.0 0.85 1074.9 10.0 1081.9 7.9 1096.1 12.5 1096.1 12.5 98.1
-CD16-SM-10 Spot 147 121 32544 2.9 13.0953 0.9 1.9656 1.3 0.1868 1.0 0.75 1103.9 9.8 1103.8 8.7 1103.7 17.1 1103.7 17.1 100.0
-CD16-SM-10 Spot 110 200 786482 2.4 13.0489 0.6 1.9239 1.1 0.1822 0.9 0.86 1078.7 9.3 1089.4 7.3 1110.8 11.2 1110.8 11.2 97.1
-CD16-SM-10 Spot 109 245 38849 1.8 13.0126 0.6 1.9709 1.0 0.1861 0.7 0.76 1100.1 7.5 1105.6 6.5 1116.4 12.5 1116.4 12.5 98.5
-CD16-SM-10 Spot 244 233 122886 1.6 13.0116 0.5 1.9600 1.0 0.1850 0.8 0.85 1094.5 8.5 1101.9 6.7 1116.6 10.5 1116.6 10.5 98.0
-CD16-SM-10 Spot 15 32 14728 1.7 12.9791 1.2 1.9871 1.6 0.1871 1.0 0.64 1105.8 10.1 1111.1 10.6 1121.5 24.0 1121.5 24.0 98.6
-CD16-SM-10 Spot 150 88 45126 1.9 12.9413 0.7 2.0229 1.2 0.1899 1.0 0.82 1121.1 10.0 1123.2 8.1 1127.4 13.7 1127.4 13.7 99.4
-CD16-SM-10 Spot 126 64 15791 1.3 12.9264 0.8 2.0705 1.1 0.1942 0.7 0.67 1144.1 7.9 1139.1 7.7 1129.6 16.6 1129.6 16.6 101.3
-CD16-SM-10 Spot 103 222 31520 1.9 12.8951 0.9 2.0206 1.3 0.1891 0.9 0.72 1116.3 9.4 1122.5 8.6 1134.5 17.4 1134.5 17.4 98.4
-CD16-SM-10 Spot 123 89 8070 1.3 12.7785 0.7 2.1735 1.5 0.2015 1.3 0.88 1183.5 14.1 1172.6 10.4 1152.5 14.3 1152.5 14.3 102.7
-CD16-SM-10 Spot 113 119 21062 1.5 12.7612 0.7 2.0264 1.1 0.1876 0.8 0.76 1108.5 8.2 1124.4 7.2 1155.2 13.5 1155.2 13.5 96.0
-CD16-SM-10 Spot 227 71 10053 1.7 12.7337 0.8 2.2466 1.2 0.2076 0.9 0.75 1215.9 10.1 1195.7 8.5 1159.5 15.8 1159.5 15.8 104.9
-CD16-SM-10 Spot 13 475 46266 1.7 12.7236 0.5 2.1496 1.3 0.1985 1.2 0.91 1167.0 12.4 1164.9 8.9 1161.0 10.7 1161.0 10.7 100.5





Table B.2. Continued 
 
-CD16-SM-10 Spot 132 64 10337 1.6 12.6652 0.8 2.0821 2.2 0.1913 2.1 0.94 1128.6 21.7 1142.9 15.3 1170.2 15.2 1170.2 15.2 96.4
-CD16-SM-10 Spot 74 496 59958 2.0 12.6190 0.7 2.1968 1.4 0.2011 1.2 0.87 1181.5 12.9 1180.0 9.6 1177.4 13.4 1177.4 13.4 100.3
-CD16-SM-10 Spot 235 234 123418 1.0 12.5842 0.8 2.2304 1.2 0.2037 0.9 0.75 1194.9 9.7 1190.6 8.4 1182.9 15.8 1182.9 15.8 101.0
-CD16-SM-10 Spot 104 167 15077 1.7 12.5397 0.6 2.2250 1.0 0.2024 0.8 0.77 1188.4 8.2 1189.0 6.9 1189.9 12.4 1189.9 12.4 99.9
-CD16-SM-10 Spot 118 85 10278 0.9 12.5271 0.5 2.2412 0.9 0.2037 0.7 0.82 1195.2 7.9 1194.0 6.2 1191.9 9.9 1191.9 9.9 100.3
-CD16-SM-10 Spot 226 463 63541 2.6 12.5229 0.6 2.0926 1.6 0.1901 1.4 0.93 1122.1 14.8 1146.4 10.7 1192.5 11.3 1192.5 11.3 94.1
-CD16-SM-10 Spot 97 98 18092 1.5 12.5092 0.7 2.3244 1.1 0.2110 0.8 0.76 1234.0 9.2 1219.8 7.7 1194.7 13.9 1194.7 13.9 103.3
-CD16-SM-10 Spot 55 226 54127 3.2 12.4684 0.6 2.2511 1.0 0.2037 0.8 0.80 1194.9 9.1 1197.1 7.3 1201.1 12.3 1201.1 12.3 99.5
-CD16-SM-10 Spot 233 85 29711 1.3 12.4595 0.7 2.1831 1.1 0.1974 0.9 0.77 1161.1 9.0 1175.7 7.7 1202.5 13.8 1202.5 13.8 96.6
-CD16-SM-10 Spot 194 57 9654 1.0 12.4410 0.8 2.3095 1.0 0.2085 0.7 0.66 1220.7 7.6 1215.2 7.4 1205.5 15.5 1205.5 15.5 101.3
-CD16-SM-10 Spot 116 137 236201 2.6 12.4202 0.8 2.2113 1.1 0.1993 0.8 0.69 1171.4 8.1 1184.6 7.6 1208.7 15.4 1208.7 15.4 96.9
-CD16-SM-10 Spot 63 88 8783 0.4 12.4152 0.6 2.2783 1.0 0.2052 0.8 0.78 1203.4 8.7 1205.6 7.2 1209.5 12.6 1209.5 12.6 99.5
-CD16-SM-10 Spot 189 195 31378 1.8 12.4067 0.4 2.3211 1.0 0.2089 0.9 0.90 1223.2 9.8 1218.8 7.0 1210.9 8.6 1210.9 8.6 101.0
-CD16-SM-10 Spot 115 515 33085 2.1 12.3853 0.5 2.2400 1.3 0.2013 1.2 0.93 1182.3 13.4 1193.6 9.4 1214.3 9.6 1214.3 9.6 97.4
-CD16-SM-10 Spot 208 95 22180 2.0 12.3514 0.7 2.3129 1.2 0.2073 1.0 0.82 1214.3 11.1 1216.3 8.7 1219.7 13.9 1219.7 13.9 99.6
-CD16-SM-10 Spot 27 119 2031962 1.4 12.3417 0.7 2.3220 1.1 0.2079 0.9 0.82 1217.8 10.3 1219.0 8.0 1221.2 12.9 1221.2 12.9 99.7
-CD16-SM-10 Spot 229 181 34331 1.3 12.3252 0.6 2.3159 1.0 0.2071 0.8 0.78 1213.4 8.6 1217.2 7.0 1223.8 12.1 1223.8 12.1 99.1
-CD16-SM-10 Spot 90 206 28684 1.4 12.2151 0.8 2.3411 1.2 0.2075 0.9 0.74 1215.4 10.0 1224.8 8.7 1241.4 16.1 1241.4 16.1 97.9
-CD16-SM-10 Spot 248 228 32408 1.2 12.1627 0.8 2.3458 1.3 0.2070 1.0 0.76 1212.9 10.9 1226.3 9.3 1249.9 16.6 1249.9 16.6 97.0
-CD16-SM-10 Spot 173 207 891791 1.3 12.1548 0.6 2.3629 1.1 0.2084 0.9 0.83 1220.2 10.0 1231.5 7.7 1251.1 11.8 1251.1 11.8 97.5
-CD16-SM-10 Spot 54 141 92479 0.8 12.0703 0.5 2.4113 0.9 0.2112 0.7 0.83 1235.1 8.1 1246.0 6.2 1264.8 9.3 1264.8 9.3 97.7
-CD16-SM-10 Spot 81 406 1781290 1.8 11.9619 0.7 2.4322 1.1 0.2111 0.8 0.73 1234.7 8.9 1252.2 7.8 1282.4 14.4 1282.4 14.4 96.3
-CD16-SM-10 Spot 157 531 34478 9.2 11.9057 0.7 2.3699 1.3 0.2047 1.1 0.84 1200.7 11.6 1233.6 9.0 1291.5 13.5 1291.5 13.5 93.0
-CD16-SM-10 Spot 247 202 23519 1.1 11.8823 0.9 2.4492 1.1 0.2112 0.8 0.66 1235.0 8.5 1257.2 8.3 1295.4 16.9 1295.4 16.9 95.3
-CD16-SM-10 Spot 186 107 37457 2.2 11.7936 0.9 2.6619 1.2 0.2278 0.8 0.70 1322.9 10.2 1318.0 8.9 1309.9 16.7 1309.9 16.7 101.0
-CD16-SM-10 Spot 217 361 890019 2.9 11.6911 0.6 2.6895 1.0 0.2282 0.7 0.74 1324.8 8.5 1325.6 7.1 1326.8 12.6 1326.8 12.6 99.8
-CD16-SM-10 Spot 168 167 789384 2.6 11.6885 0.5 2.6578 0.9 0.2254 0.7 0.78 1310.4 7.9 1316.8 6.3 1327.3 10.4 1327.3 10.4 98.7
-CD16-SM-10 Spot 249 81 5285 1.7 11.5795 0.9 2.2430 1.4 0.1885 1.0 0.75 1113.0 10.5 1194.6 9.7 1345.4 17.7 1345.4 17.7 82.7
-CD16-SM-10 Spot 170 180 54126 2.3 11.5775 0.7 2.6450 1.1 0.2222 0.9 0.80 1293.4 10.6 1313.2 8.3 1345.7 13.2 1345.7 13.2 96.1
-CD16-SM-10 Spot 238 165 93151 2.9 11.3092 0.7 2.8196 1.0 0.2314 0.8 0.77 1341.7 9.6 1360.8 7.7 1390.8 12.6 1390.8 12.6 96.5
-CD16-SM-10 Spot 30 69 9527 2.0 11.3077 0.9 2.8633 1.2 0.2349 0.8 0.67 1360.2 10.0 1372.3 9.1 1391.1 17.2 1391.1 17.2 97.8
-CD16-SM-10 Spot 228 310 192702 1.2 11.2209 0.5 3.0378 0.9 0.2473 0.8 0.86 1424.7 10.0 1417.2 7.0 1405.9 8.8 1405.9 8.8 101.3
-CD16-SM-10 Spot 67 130 31124 2.0 11.2151 0.8 2.9469 1.2 0.2398 0.9 0.76 1385.7 11.0 1394.1 8.9 1406.9 14.6 1406.9 14.6 98.5
-CD16-SM-10 Spot 111 211 57315 2.3 11.1077 0.7 3.0567 1.1 0.2464 0.8 0.75 1419.7 10.4 1421.9 8.3 1425.3 13.7 1425.3 13.7 99.6
-CD16-SM-10 Spot 37 142 230440 2.0 11.1059 0.7 2.8361 1.3 0.2285 1.1 0.86 1326.8 13.3 1365.1 9.7 1425.6 12.7 1425.6 12.7 93.1
-CD16-SM-10 Spot 121 229 53129 2.2 11.0580 0.7 3.1445 1.1 0.2523 0.8 0.78 1450.3 10.8 1443.7 8.2 1433.8 12.7 1433.8 12.7 101.2
-CD16-SM-10 Spot 112 122 32684 1.4 11.0518 0.7 3.0583 1.2 0.2452 0.9 0.78 1413.9 11.5 1422.3 8.9 1434.9 13.9 1434.9 13.9 98.5
-CD16-SM-10 Spot 72 296 73333 6.5 11.0473 0.5 3.1369 1.0 0.2514 0.8 0.86 1445.9 10.7 1441.8 7.4 1435.7 9.3 1435.7 9.3 100.7
-CD16-SM-10 Spot 163 247 257665 1.1 11.0434 0.5 3.0693 1.0 0.2459 0.9 0.87 1417.5 10.9 1425.1 7.5 1436.4 9.2 1436.4 9.2 98.7
-CD16-SM-10 Spot 210 244 39963 2.4 11.0388 0.6 3.0889 0.9 0.2474 0.7 0.78 1425.1 8.9 1429.9 6.9 1437.1 10.8 1437.1 10.8 99.2
-CD16-SM-10 Spot 165 176 76319 1.5 11.0323 0.6 3.0205 1.1 0.2418 1.0 0.86 1396.0 12.0 1412.8 8.5 1438.3 11.0 1438.3 11.0 97.1
-CD16-SM-10 Spot 199 114 60896 2.7 11.0112 0.7 3.0499 1.1 0.2437 0.9 0.77 1405.7 11.2 1420.2 8.7 1441.9 13.8 1441.9 13.8 97.5
-CD16-SM-10 Spot 40 334 125824 1.7 11.0030 0.7 3.0428 1.1 0.2429 0.8 0.78 1401.9 10.5 1418.4 8.2 1443.3 12.8 1443.3 12.8 97.1
-CD16-SM-10 Spot 159 132 29683 1.6 10.9985 0.7 3.1185 1.1 0.2489 0.9 0.79 1432.6 11.2 1437.3 8.5 1444.1 13.1 1444.1 13.1 99.2





Table B.2. Continued 
 
-CD16-SM-10 Spot 64 66 17447 1.3 10.9860 0.7 3.1487 1.1 0.2510 0.9 0.77 1443.6 11.0 1444.7 8.6 1446.3 13.6 1446.3 13.6 99.8
-CD16-SM-10 Spot 166 129 33688 1.9 10.9167 0.7 3.1366 1.0 0.2485 0.7 0.70 1430.5 9.4 1441.7 8.0 1458.3 14.1 1458.3 14.1 98.1
-CD16-SM-10 Spot 68 80 35362 1.6 10.8969 0.6 3.1940 0.9 0.2525 0.6 0.71 1451.5 8.0 1455.7 6.7 1461.8 11.5 1461.8 11.5 99.3
-CD16-SM-10 Spot 177 415 63195 1.3 10.8785 0.6 3.1844 1.2 0.2513 1.1 0.89 1445.4 14.4 1453.4 9.6 1465.0 10.8 1465.0 10.8 98.7
-CD16-SM-10 Spot 119 432 50605 1.3 10.8783 0.5 3.1396 1.2 0.2478 1.1 0.92 1427.2 13.7 1442.4 9.0 1465.0 8.8 1465.0 8.8 97.4
-CD16-SM-10 Spot 99 65 26453 4.2 10.8725 0.8 3.2520 1.1 0.2565 0.7 0.62 1472.2 8.9 1469.7 8.4 1466.0 16.1 1466.0 16.1 100.4
-CD16-SM-10 Spot 18 133 43393 1.0 10.8723 0.5 3.1485 1.1 0.2484 0.9 0.87 1430.1 11.7 1444.6 8.1 1466.1 10.0 1466.1 10.0 97.5
-CD16-SM-10 Spot 87 188 142406 1.4 10.8184 0.7 3.3102 1.0 0.2598 0.7 0.71 1489.0 9.3 1483.5 7.7 1475.5 13.2 1475.5 13.2 100.9
-CD16-SM-10 Spot 50 172 59519 1.3 10.8039 0.6 3.2471 1.1 0.2545 0.9 0.84 1461.9 12.1 1468.5 8.6 1478.0 11.5 1478.0 11.5 98.9
-CD16-SM-10 Spot 10 540 42380 2.1 10.7823 0.7 3.2164 1.3 0.2516 1.1 0.85 1446.9 14.1 1461.1 9.9 1481.8 12.5 1481.8 12.5 97.6
-CD16-SM-10 Spot 197 231 41985 1.0 10.7460 0.7 3.3074 1.1 0.2579 0.9 0.81 1479.0 11.9 1482.8 8.7 1488.2 12.4 1488.2 12.4 99.4
-CD16-SM-10 Spot 6 113 31101 0.8 10.7441 0.7 3.2099 1.2 0.2502 1.0 0.82 1439.7 12.6 1459.5 9.2 1488.6 12.9 1488.6 12.9 96.7
-CD16-SM-10 Spot 34 164 61736 1.6 10.7064 0.6 3.2879 0.9 0.2554 0.7 0.79 1466.4 9.6 1478.2 7.2 1495.2 10.7 1495.2 10.7 98.1
-CD16-SM-10 Spot 242 227 58416 2.1 10.6973 0.6 3.3176 1.0 0.2575 0.8 0.80 1477.0 10.0 1485.2 7.4 1496.8 10.8 1496.8 10.8 98.7
-CD16-SM-10 Spot 188 94 67863 1.8 10.6644 0.7 3.3140 1.0 0.2564 0.8 0.74 1471.6 9.9 1484.3 7.9 1502.6 12.8 1502.6 12.8 97.9
-CD16-SM-10 Spot 140 175 11109 1.4 10.5591 1.5 3.1460 1.7 0.2410 0.8 0.46 1392.0 9.7 1444.0 12.9 1521.4 27.9 1521.4 27.9 91.5
-CD16-SM-10 Spot 91 211 30412 2.0 10.5015 0.7 3.5228 1.1 0.2684 0.9 0.79 1532.8 12.0 1532.3 8.9 1531.7 13.0 1531.7 13.0 100.1
-CD16-SM-10 Spot 164 46 68854 0.8 10.4780 0.7 3.4887 0.9 0.2652 0.6 0.63 1516.5 8.0 1524.7 7.5 1535.9 13.9 1535.9 13.9 98.7
-CD16-SM-10 Spot 243 201 25945 1.2 10.1192 0.5 3.7384 0.9 0.2745 0.8 0.84 1563.5 11.1 1579.6 7.6 1601.2 9.5 1601.2 9.5 97.6
-CD16-SM-10 Spot 28 232 163625 0.7 10.0237 0.6 3.8926 1.1 0.2831 0.8 0.81 1607.0 12.1 1612.1 8.5 1618.9 11.5 1618.9 11.5 99.3
-CD16-SM-10 Spot 57 706 34536 3.2 10.0023 0.5 3.4071 1.5 0.2473 1.4 0.94 1424.4 18.4 1506.0 12.0 1622.8 9.8 1622.8 9.8 87.8
-CD16-SM-10 Spot 101 130 29424 1.2 9.8224 0.5 4.2226 0.8 0.3009 0.6 0.76 1696.0 9.3 1678.4 6.7 1656.5 9.9 1656.5 9.9 102.4
-CD16-SM-10 Spot 182 83 28664 1.6 9.8181 0.7 4.1414 1.1 0.2950 0.9 0.80 1666.6 13.3 1662.5 9.3 1657.3 12.5 1657.3 12.5 100.6
-CD16-SM-10 Spot 96 530 92113 3.1 9.7996 0.5 4.1611 1.2 0.2959 1.1 0.90 1670.8 16.1 1666.4 9.9 1660.8 9.7 1660.8 9.7 100.6
-CD16-SM-10 Spot 191 20 26135 0.9 9.7922 1.1 3.9575 1.5 0.2812 1.1 0.73 1597.3 15.9 1625.5 12.5 1662.2 19.6 1662.2 19.6 96.1
-CD16-SM-10 Spot 71 136 25631 1.1 9.7819 0.7 3.8066 1.1 0.2702 0.9 0.78 1541.7 12.2 1594.1 9.1 1664.2 13.0 1664.2 13.0 92.6
-CD16-SM-10 Spot 33 537 60655 2.6 9.7807 0.6 4.3265 1.4 0.3070 1.2 0.89 1726.1 18.3 1698.4 11.2 1664.4 11.5 1664.4 11.5 103.7
-CD16-SM-10 Spot 100 83 45103 1.6 9.7692 0.6 4.0601 0.9 0.2878 0.7 0.76 1630.5 10.4 1646.3 7.7 1666.6 11.3 1666.6 11.3 97.8
-CD16-SM-10 Spot 215 378 31874 2.8 9.7648 0.6 4.1265 1.3 0.2924 1.2 0.90 1653.4 17.5 1659.6 10.9 1667.4 10.9 1667.4 10.9 99.2
-CD16-SM-10 Spot 148 279 46987 2.0 9.7558 0.6 4.2022 1.0 0.2975 0.8 0.79 1678.7 12.1 1674.5 8.4 1669.1 11.6 1669.1 11.6 100.6
-CD16-SM-10 Spot 169 759 16165 2.2 9.7314 0.7 3.3635 1.4 0.2375 1.2 0.87 1373.7 14.7 1495.9 10.6 1673.7 12.3 1673.7 12.3 82.1
-CD16-SM-10 Spot 211 189 41547 2.0 9.7250 0.5 4.1487 0.9 0.2927 0.8 0.82 1655.2 11.2 1664.0 7.7 1675.0 10.0 1675.0 10.0 98.8
-CD16-SM-10 Spot 200 306 70832 1.6 9.7164 0.5 3.7294 0.8 0.2629 0.7 0.78 1504.8 8.9 1577.7 6.8 1676.6 9.8 1676.6 9.8 89.8
-CD16-SM-10 Spot 42 124 58282 2.6 9.6941 0.7 4.1912 1.3 0.2948 1.1 0.85 1665.5 16.3 1672.3 10.7 1680.8 12.8 1680.8 12.8 99.1
-CD16-SM-10 Spot 106 246 34856 1.7 9.6812 0.6 4.0338 1.1 0.2834 0.9 0.84 1608.2 12.8 1641.0 8.7 1683.3 10.9 1683.3 10.9 95.5
-CD16-SM-10 Spot 240 111 33173 3.1 9.6739 0.6 4.4180 1.1 0.3101 1.0 0.85 1741.3 14.8 1715.7 9.5 1684.7 11.3 1684.7 11.3 103.4
-CD16-SM-10 Spot 35 625 91639 3.3 9.6720 0.6 4.3529 1.3 0.3055 1.2 0.88 1718.4 17.9 1703.4 11.1 1685.0 11.5 1685.0 11.5 102.0
-CD16-SM-10 Spot 66 105 35050 1.7 9.6642 0.7 4.1270 1.1 0.2894 0.8 0.72 1638.5 11.3 1659.7 8.8 1686.5 13.7 1686.5 13.7 97.2
-CD16-SM-10 Spot 222 517 179655 3.4 9.6580 0.6 4.2674 1.3 0.2990 1.1 0.87 1686.6 16.8 1687.1 10.8 1687.7 12.0 1687.7 12.0 99.9
-CD16-SM-10 Spot 8 220 156153 1.8 9.6465 0.6 4.2501 0.9 0.2975 0.7 0.74 1678.8 10.2 1683.8 7.7 1689.9 11.7 1689.9 11.7 99.3
-CD16-SM-10 Spot 138 148 17029 1.9 9.6460 0.7 4.3291 1.0 0.3030 0.7 0.73 1706.1 11.1 1698.9 8.4 1690.0 12.8 1690.0 12.8 101.0
-CD16-SM-10 Spot 221 290 46239 2.4 9.6248 0.6 4.3974 1.0 0.3071 0.8 0.77 1726.4 11.8 1711.9 8.4 1694.1 11.8 1694.1 11.8 101.9
-CD16-SM-10 Spot 16 499 32763 2.2 9.6212 0.6 4.3429 1.2 0.3032 1.1 0.89 1707.0 16.3 1701.5 10.1 1694.8 10.4 1694.8 10.4 100.7
-CD16-SM-10 Spot 9 190 25924 2.0 9.6155 0.6 4.2884 0.9 0.2992 0.6 0.72 1687.3 9.4 1691.1 7.3 1695.9 11.4 1695.9 11.4 99.5





Table B.2. Continued 
 
-CD16-SM-10 Spot 207 125 34208 1.5 9.6059 0.6 4.2548 1.0 0.2966 0.8 0.80 1674.2 12.3 1684.7 8.6 1697.7 11.4 1697.7 11.4 98.6
-CD16-SM-10 Spot 133 242 132845 1.7 9.6005 0.7 4.2535 1.0 0.2963 0.8 0.77 1672.9 11.8 1684.4 8.5 1698.7 12.1 1698.7 12.1 98.5
-CD16-SM-10 Spot 12 583 240569 2.7 9.6000 0.7 4.4245 1.5 0.3082 1.4 0.90 1731.8 20.6 1716.9 12.4 1698.8 12.0 1698.8 12.0 101.9
-CD16-SM-10 Spot 167 441 35986 3.3 9.5770 0.6 4.2558 1.4 0.2957 1.3 0.91 1670.1 19.2 1684.9 11.8 1703.2 11.2 1703.2 11.2 98.1
-CD16-SM-10 Spot 122 212 44640 2.9 9.5706 0.7 4.1426 1.2 0.2877 1.0 0.80 1629.9 13.7 1662.7 9.7 1704.5 13.0 1704.5 13.0 95.6
-CD16-SM-10 Spot 202 275 68016 3.2 9.5695 0.7 4.2365 1.2 0.2942 1.0 0.83 1662.3 14.3 1681.1 9.7 1704.7 12.1 1704.7 12.1 97.5
-CD16-SM-10 Spot 11 434 74079 3.0 9.5685 0.5 4.5173 1.2 0.3136 1.0 0.89 1758.5 15.9 1734.2 9.6 1704.9 9.6 1704.9 9.6 103.1
-CD16-SM-10 Spot 127 258 184502 2.3 9.5683 0.6 4.1276 1.2 0.2866 1.1 0.88 1624.3 15.5 1659.8 10.0 1704.9 10.8 1704.9 10.8 95.3
-CD16-SM-10 Spot 181 285 117232 1.8 9.5621 0.5 4.3366 1.0 0.3009 0.9 0.86 1695.7 13.0 1700.3 8.3 1706.1 9.3 1706.1 9.3 99.4
-CD16-SM-10 Spot 172 254 31954 2.0 9.5616 0.6 4.2288 0.9 0.2934 0.7 0.77 1658.4 10.1 1679.6 7.4 1706.2 10.6 1706.2 10.6 97.2
-CD16-SM-10 Spot 2 407 393865 3.5 9.5565 0.6 4.3180 1.1 0.2994 1.0 0.85 1688.4 14.1 1696.8 9.2 1707.2 10.7 1707.2 10.7 98.9
-CD16-SM-10 Spot 149 211 30608 3.0 9.5556 0.6 4.3784 1.1 0.3036 0.9 0.82 1709.0 13.1 1708.3 8.8 1707.4 11.1 1707.4 11.1 100.1
-CD16-SM-10 Spot 120 200 31425 2.0 9.5545 0.5 4.5635 0.9 0.3164 0.8 0.83 1772.0 11.8 1742.6 7.7 1707.6 9.6 1707.6 9.6 103.8
-CD16-SM-10 Spot 201 246 366783 2.6 9.5537 0.5 4.0801 0.9 0.2828 0.7 0.84 1605.6 10.2 1650.3 6.9 1707.7 8.5 1707.7 8.5 94.0
-CD16-SM-10 Spot 70 223 170768 2.7 9.5517 0.6 4.2392 1.1 0.2938 0.9 0.83 1660.5 13.7 1681.6 9.3 1708.1 11.7 1708.1 11.7 97.2
-CD16-SM-10 Spot 56 450 145222 2.6 9.5500 0.5 4.4560 1.0 0.3088 0.8 0.87 1734.7 12.9 1722.8 8.1 1708.4 8.9 1708.4 8.9 101.5
-CD16-SM-10 Spot 23 304 30337 2.4 9.5445 0.7 4.3387 1.1 0.3005 0.9 0.81 1693.6 13.4 1700.8 9.2 1709.5 12.2 1709.5 12.2 99.1
-CD16-SM-10 Spot 94 129 123952 4.5 9.5438 0.7 4.3589 1.1 0.3018 0.9 0.80 1700.5 13.3 1704.6 9.2 1709.6 12.1 1709.6 12.1 99.5
-CD16-SM-10 Spot 102 105 1097467 1.3 9.5431 0.6 4.5038 1.2 0.3119 1.1 0.86 1749.9 16.4 1731.7 10.4 1709.8 11.9 1709.8 11.9 102.3
-CD16-SM-10 Spot 107 253 797851 1.9 9.5351 0.5 4.3275 1.1 0.2994 0.9 0.88 1688.3 13.8 1698.6 8.7 1711.3 9.3 1711.3 9.3 98.7
-CD16-SM-10 Spot 156 576 37625 1.6 9.5295 0.7 3.9729 1.1 0.2747 0.9 0.80 1564.6 12.2 1628.7 8.9 1712.4 12.1 1712.4 12.1 91.4
-CD16-SM-10 Spot 237 331 119662 2.4 9.5166 0.6 4.3911 1.0 0.3032 0.7 0.77 1707.2 11.2 1710.7 8.0 1714.9 11.3 1714.9 11.3 99.6
-CD16-SM-10 Spot 76 64 94270 7.5 9.5126 0.6 4.3532 1.1 0.3005 0.9 0.83 1693.6 13.6 1703.5 9.1 1715.7 11.4 1715.7 11.4 98.7
-CD16-SM-10 Spot 241 192 56582 2.7 9.5107 0.6 4.4579 1.1 0.3076 0.9 0.84 1729.1 14.3 1723.2 9.3 1716.0 11.2 1716.0 11.2 100.8
-CD16-SM-10 Spot 223 350 95753 3.1 9.5091 0.6 4.2935 0.9 0.2962 0.7 0.71 1672.6 9.7 1692.1 7.6 1716.3 11.9 1716.3 11.9 97.5
-CD16-SM-10 Spot 205 334 220615 2.0 9.5090 0.5 4.4590 1.0 0.3077 0.9 0.88 1729.2 13.5 1723.4 8.3 1716.4 8.6 1716.4 8.6 100.7
-CD16-SM-10 Spot 230 111 31704 3.2 9.5074 0.5 4.4519 0.9 0.3071 0.8 0.84 1726.5 11.7 1722.1 7.7 1716.7 9.3 1716.7 9.3 100.6
-CD16-SM-10 Spot 48 323 103988 2.5 9.5073 0.5 4.3806 0.9 0.3022 0.7 0.79 1702.2 10.5 1708.7 7.3 1716.7 9.9 1716.7 9.9 99.2
-CD16-SM-10 Spot 129 125 43986 1.6 9.5073 0.5 4.3000 1.0 0.2966 0.9 0.85 1674.6 12.8 1693.4 8.4 1716.7 9.8 1716.7 9.8 97.5
-CD16-SM-10 Spot 224 258 99273 3.4 9.5057 0.6 4.4132 0.9 0.3044 0.7 0.77 1713.0 10.9 1714.8 7.8 1717.0 11.0 1717.0 11.0 99.8
-CD16-SM-10 Spot 89 188 35683 1.4 9.4993 0.7 4.1209 1.1 0.2840 0.9 0.79 1611.6 12.4 1658.5 9.0 1718.2 12.4 1718.2 12.4 93.8
-CD16-SM-10 Spot 73 134 32413 2.7 9.4988 0.6 4.3908 1.0 0.3026 0.8 0.76 1704.3 11.5 1710.6 8.3 1718.3 11.9 1718.3 11.9 99.2
-CD16-SM-10 Spot 92 231 32805 1.4 9.4903 0.6 4.3067 1.0 0.2966 0.9 0.83 1674.2 12.7 1694.6 8.6 1720.0 10.7 1720.0 10.7 97.3
-CD16-SM-10 Spot 36 278 448185 1.5 9.4751 0.6 4.3408 1.4 0.2984 1.3 0.91 1683.5 18.6 1701.1 11.4 1722.9 10.5 1722.9 10.5 97.7
-CD16-SM-10 Spot 161 445 27538 2.4 9.4702 0.5 4.2315 1.3 0.2908 1.2 0.92 1645.4 16.8 1680.2 10.4 1723.9 9.3 1723.9 9.3 95.4
-CD16-SM-10 Spot 232 182 154207 1.6 9.4690 0.8 4.3508 1.1 0.2989 0.8 0.70 1686.0 11.1 1703.0 8.9 1724.1 14.1 1724.1 14.1 97.8
-CD16-SM-10 Spot 219 284 54571 2.0 9.4688 0.5 4.3876 1.0 0.3014 0.9 0.89 1698.5 13.5 1710.0 8.4 1724.1 8.6 1724.1 8.6 98.5
-CD16-SM-10 Spot 239 294 68784 1.7 9.4662 0.6 4.5534 1.1 0.3128 0.9 0.82 1754.2 13.6 1740.8 9.1 1724.6 11.5 1724.6 11.5 101.7
-CD16-SM-10 Spot 95 77 26679 1.1 9.4605 0.7 4.4289 1.1 0.3040 0.8 0.74 1711.2 12.0 1717.8 8.9 1725.7 13.3 1725.7 13.3 99.2
-CD16-SM-10 Spot 75 131 249027 2.0 9.4334 0.7 4.3421 1.1 0.2972 0.9 0.79 1677.4 12.7 1701.4 8.9 1731.0 12.1 1731.0 12.1 96.9
-CD16-SM-10 Spot 220 171 24714 4.9 9.4282 0.7 4.5664 1.1 0.3124 0.9 0.80 1752.4 14.1 1743.2 9.6 1732.0 12.7 1732.0 12.7 101.2
-CD16-SM-10 Spot 203 331 30706 2.2 9.4187 0.9 4.1288 1.2 0.2822 0.8 0.69 1602.2 12.0 1660.0 10.0 1733.9 16.2 1733.9 16.2 92.4
-CD16-SM-10 Spot 117 192 2358902 2.8 9.4079 0.6 4.2437 1.1 0.2897 0.9 0.84 1640.0 12.9 1682.5 8.7 1736.0 10.6 1736.0 10.6 94.5
-CD16-SM-10 Spot 171 211 49286 1.4 9.4023 0.7 4.5098 1.2 0.3077 0.9 0.80 1729.2 14.3 1732.8 9.8 1737.1 12.9 1737.1 12.9 99.5





Table B.2. Continued 
 
-CD16-SM-10 Spot 83 89 23972 1.8 9.4005 0.8 4.4519 1.4 0.3037 1.2 0.83 1709.4 17.6 1722.0 11.6 1737.4 14.2 1737.4 14.2 98.4
-CD16-SM-10 Spot 7 464 566390 2.9 9.3988 0.6 4.5461 1.2 0.3100 1.1 0.87 1740.9 16.2 1739.5 10.2 1737.8 10.9 1737.8 10.9 100.2
-CD16-SM-10 Spot 78 54 11891 2.1 9.3979 0.8 4.4964 1.2 0.3066 0.9 0.76 1724.0 13.9 1730.3 10.1 1737.9 14.6 1737.9 14.6 99.2
-CD16-SM-10 Spot 176 583 50713 5.5 9.3887 0.5 4.6642 1.2 0.3177 1.1 0.92 1778.7 16.8 1760.8 9.9 1739.7 8.7 1739.7 8.7 102.2
-CD16-SM-10 Spot 192 219 79045 2.3 9.3823 0.6 4.4768 1.0 0.3048 0.8 0.82 1714.9 12.7 1726.7 8.5 1741.0 10.7 1741.0 10.7 98.5
-CD16-SM-10 Spot 46 182 28724 5.0 9.3697 0.6 4.4996 1.0 0.3059 0.8 0.78 1720.5 11.6 1730.9 8.2 1743.4 11.2 1743.4 11.2 98.7
-CD16-SM-10 Spot 142 565 127029 1.9 9.3643 0.6 4.0221 1.3 0.2733 1.2 0.90 1557.5 16.5 1638.7 10.8 1744.5 10.7 1744.5 10.7 89.3
-CD16-SM-10 Spot 135 444 281527 1.5 9.3444 0.6 4.5346 1.3 0.3075 1.1 0.89 1728.2 16.9 1737.3 10.4 1748.4 10.5 1748.4 10.5 98.8
-CD16-SM-10 Spot 26 250 61180 1.7 9.3408 0.5 4.4651 0.8 0.3026 0.7 0.82 1704.3 10.2 1724.5 6.9 1749.1 8.7 1749.1 8.7 97.4
-CD16-SM-10 Spot 38 698 152259 4.1 9.3251 0.5 4.7114 1.2 0.3188 1.1 0.89 1783.8 16.6 1769.3 10.0 1752.2 10.0 1752.2 10.0 101.8
-CD16-SM-10 Spot 193 157 122267 6.4 9.3200 0.6 4.6012 1.2 0.3112 1.0 0.88 1746.4 15.8 1749.5 9.8 1753.2 10.3 1753.2 10.3 99.6
-CD16-SM-10 Spot 5 392 164866 2.4 9.3116 0.6 4.5659 1.2 0.3085 1.1 0.87 1733.3 16.5 1743.1 10.4 1754.8 11.2 1754.8 11.2 98.8
-CD16-SM-10 Spot 29 339 39335 3.8 9.2988 0.5 4.6006 1.5 0.3104 1.4 0.94 1742.7 22.1 1749.4 12.9 1757.3 9.7 1757.3 9.7 99.2
-CD16-SM-10 Spot 88 215 96360507 2.3 9.2628 0.7 4.6257 1.1 0.3109 0.8 0.72 1745.1 11.7 1753.9 8.9 1764.4 13.5 1764.4 13.5 98.9
-CD16-SM-10 Spot 39 218 106034 2.4 9.2588 0.6 4.6253 1.1 0.3107 1.0 0.85 1744.3 14.6 1753.8 9.4 1765.2 10.9 1765.2 10.9 98.8
-CD16-SM-10 Spot 231 245 336550 3.5 9.2480 0.6 4.6999 1.1 0.3154 1.0 0.86 1767.1 15.2 1767.2 9.6 1767.4 10.9 1767.4 10.9 100.0
-CD16-SM-10 Spot 108 120 37224 1.1 9.2480 0.8 4.6928 1.3 0.3149 1.0 0.77 1764.8 15.5 1766.0 11.0 1767.4 15.4 1767.4 15.4 99.9
-CD16-SM-10 Spot 22 456 60755 2.1 9.2474 0.6 4.3537 1.5 0.2921 1.4 0.92 1652.1 20.1 1703.6 12.4 1767.5 10.9 1767.5 10.9 93.5
-CD16-SM-10 Spot 52 445 51138 2.6 9.2269 0.6 4.6928 1.2 0.3142 1.1 0.88 1761.2 16.6 1766.0 10.3 1771.5 10.8 1771.5 10.8 99.4
-CD16-SM-10 Spot 59 123 76090 3.0 9.2137 0.6 4.6785 0.9 0.3128 0.7 0.75 1754.3 10.2 1763.4 7.5 1774.2 10.9 1774.2 10.9 98.9
-CD16-SM-10 Spot 114 249 286601 3.5 9.2095 0.7 4.6826 1.1 0.3129 0.8 0.74 1755.0 12.4 1764.1 9.1 1775.0 13.5 1775.0 13.5 98.9
-CD16-SM-10 Spot 125 58 28826 0.4 9.2071 0.8 4.6518 1.2 0.3108 0.8 0.72 1744.5 12.9 1758.6 9.8 1775.4 15.0 1775.4 15.0 98.3
-CD16-SM-10 Spot 51 233 114293 2.8 9.2023 0.6 4.8222 1.1 0.3220 1.0 0.87 1799.4 15.7 1788.8 9.6 1776.4 10.3 1776.4 10.3 101.3
-CD16-SM-10 Spot 69 214 130034 3.8 9.1977 0.5 4.7648 1.0 0.3180 0.8 0.83 1779.9 12.4 1778.7 8.1 1777.3 9.9 1777.3 9.9 100.1
-CD16-SM-10 Spot 44 206 66470 1.3 9.1941 0.6 4.8777 1.0 0.3254 0.8 0.80 1816.0 13.2 1798.4 8.8 1778.0 11.5 1778.0 11.5 102.1
-CD16-SM-10 Spot 236 388 68606 2.9 9.1933 0.6 4.6788 1.0 0.3121 0.9 0.83 1751.0 13.1 1763.4 8.6 1778.2 10.4 1778.2 10.4 98.5
-CD16-SM-10 Spot 93 143 129278 3.4 9.1888 0.6 4.6908 1.1 0.3127 0.9 0.84 1754.2 13.9 1765.6 9.1 1779.1 10.8 1779.1 10.8 98.6
-CD16-SM-10 Spot 216 370 127959 1.5 9.1738 0.5 4.3861 1.1 0.2920 1.0 0.90 1651.3 14.8 1709.7 9.4 1782.1 9.2 1782.1 9.2 92.7
-CD16-SM-10 Spot 20 281 319947 3.3 9.1417 0.5 4.8569 0.8 0.3222 0.6 0.79 1800.3 9.9 1794.8 6.8 1788.4 9.0 1788.4 9.0 100.7
-CD16-SM-10 Spot 128 144 79371 2.9 9.1347 0.6 4.7627 1.0 0.3157 0.8 0.81 1768.6 12.3 1778.4 8.3 1789.9 10.6 1789.9 10.6 98.8
-CD16-SM-10 Spot 139 231 39482 2.8 9.1346 0.5 4.6177 1.0 0.3061 0.9 0.86 1721.3 13.1 1752.5 8.4 1789.9 9.2 1789.9 9.2 96.2
-CD16-SM-10 Spot 131 189 380911 3.4 9.1272 0.7 4.8034 1.3 0.3181 1.0 0.81 1780.5 15.9 1785.5 10.6 1791.3 13.4 1791.3 13.4 99.4
-CD16-SM-10 Spot 137 114 39520 0.8 9.0639 0.7 4.8937 1.2 0.3218 1.0 0.85 1798.7 16.2 1801.2 10.3 1804.0 11.8 1804.0 11.8 99.7
-CD16-SM-10 Spot 144 92 48188 1.1 9.0448 0.6 4.9591 1.0 0.3255 0.9 0.83 1816.3 13.7 1812.4 8.8 1807.8 10.4 1807.8 10.4 100.5
-CD16-SM-10 Spot 136 269 238324 3.4 9.0183 0.5 4.8226 1.1 0.3156 1.0 0.89 1768.1 15.7 1788.9 9.6 1813.2 9.3 1813.2 9.3 97.5
-CD16-SM-10 Spot 179 123 35026 1.3 9.0157 0.6 4.8716 1.0 0.3187 0.7 0.74 1783.3 11.0 1797.4 8.0 1813.7 11.6 1813.7 11.6 98.3
-CD16-SM-10 Spot 84 97 65874 1.1 9.0110 0.6 4.9890 1.1 0.3262 0.9 0.82 1819.9 14.2 1817.5 9.3 1814.7 11.6 1814.7 11.6 100.3
-CD16-SM-10 Spot 41 351 5944 1.9 9.0085 2.1 4.6959 2.5 0.3069 1.4 0.55 1725.7 20.9 1766.5 20.9 1815.2 37.8 1815.2 37.8 95.1
-CD16-SM-10 Spot 45 191 35993 1.7 8.8649 0.6 5.0979 1.0 0.3279 0.8 0.82 1828.3 12.4 1835.8 8.1 1844.3 10.0 1844.3 10.0 99.1
-CD16-SM-10 Spot 143 188 26881 0.9 8.7936 0.6 5.0826 1.1 0.3243 0.9 0.82 1810.7 14.6 1833.2 9.6 1858.9 11.7 1858.9 11.7 97.4
-CD16-SM-10 Spot 21 221 100939 1.1 8.7685 0.7 5.2712 1.0 0.3354 0.8 0.75 1864.4 12.4 1864.2 8.7 1864.0 12.0 1864.0 12.0 100.0
-CD16-SM-10 Spot 190 295 74218 1.3 8.7605 0.7 5.1996 1.2 0.3305 0.9 0.79 1840.9 14.7 1852.6 9.9 1865.7 12.8 1865.7 12.8 98.7
-CD16-SM-10 Spot 130 67 36285 1.0 8.7382 0.8 5.3153 1.0 0.3370 0.7 0.66 1872.3 11.1 1871.3 8.8 1870.3 13.9 1870.3 13.9 100.1
-CD16-SM-10 Spot 31 302 73870 1.1 8.6412 0.5 5.3986 1.0 0.3385 0.8 0.85 1879.4 13.3 1884.6 8.2 1890.4 9.0 1890.4 9.0 99.4




















-CD16-SM-10 Spot 151 364 35936 1.0 6.3511 0.6 8.7981 1.2 0.4054 1.1 0.87 2194.0 20.0 2317.3 11.3 2427.7 10.4 2427.7 10.4 90.4
-CD16-SM-10 Spot 178 294 387142 2.8 6.1642 0.5 10.4761 1.1 0.4686 0.9 0.86 2477.2 19.1 2477.8 10.0 2478.3 9.2 2478.3 9.2 100.0
-CD16-SM-10 Spot 225 308 61090 1.6 5.8154 0.6 9.3971 1.2 0.3965 1.1 0.89 2153.0 20.3 2377.6 11.4 2576.1 9.5 2576.1 9.5 83.6
-CD16-SM-10 Spot 77 396 2861 2.2 5.8057 1.9 9.1827 2.7 0.3868 2.0 0.72 2108.1 35.5 2356.4 25.1 2578.8 31.8 2578.8 31.8 81.7
-CD16-SM-10 Spot 47 236 539450 1.6 5.4265 0.6 13.3122 0.9 0.5242 0.7 0.78 2716.8 15.5 2702.0 8.5 2691.0 9.4 2691.0 9.4 101.0
-CD16-SM-10 Spot 98 140 4743 1.4 5.3913 0.9 11.6303 2.2 0.4550 2.0 0.91 2417.3 41.1 2575.1 21.0 2701.8 15.4 2701.8 15.4 89.5





Table B.3.  
U-Pb LA-ICPMS geochronological analyses for ME19-7; n  = 132. 
 
 
U 206Pb 206Pb 207Pb* ±2s 206Pb* ±2s error 206Pb* ±2s % 206Pb* ±2s % 206Pb* ±2s %
ppm Th/U cps 204Pb ±1s 235U* (%) 238U (%) corr. 238U* (Ma) disc. 238U* (Ma) disc. 238U* (Ma) disc.
ME19-7 S-294   875 1 48006.7 3429.484 49.29557 0.82128 3.8 0.09632 3.3 0.849656 612 19.0 8 593 19.1 11 611 19.0 9
ME19-8 Lb    303 0 32054.9 1691.854 31.59132 0.91244 5.6 0.10588 3.2 0.566981 642 20.9 7 649 20.9 6 645 20.9 7
ME19-7 S-92   535 1 24453.8 1966.057 61.8801 0.93111 3.5 0.10596 2.9 0.823371 661 18.7 10 649 18.7 11 662 18.7 10
ME19-8 Lb    503 1 25228.0 1240.286 13.95475 0.97302 4.2 0.10752 4.0 0.936132 698 25.8 12 658 26.0 17 677 25.9 15
ME19-7 S-100   225 1 9676.2 1923.469 30.15104 0.92724 4.5 0.10773 3.2 0.698252 651 20.8 6 660 20.8 4 655 20.8 5
ME19-7 S-282   693 1 42182.4 40745.87 641.7637 0.93156 4.2 0.10782 3.5 0.830637 677 22.4 3 660 22.5 5 677 22.4 3
ME19-7 S-301   582 1 38071.1 2674.278 32.06681 0.95916 3.4 0.10814 3.0 0.850891 675 19.3 10 662 19.3 12 676 19.3 10
ME19-8 Lb   1094 1 60479.9 2973.373 39.3705 0.92295 5.7 0.10818 3.6 0.618148 656 23.4 2 662 23.4 1 659 23.4 2
ME19-7 S-41    164 1 8368.9 2632.785 37.32612 0.94692 4.3 0.10824 3.2 0.728572 652 20.6 10 663 20.6 8 656 20.6 9
ME19-7 S-88   289 1 16606.2 1335.121 28.31945 0.95702 5.2 0.10894 4.2 0.8109 667 27.2 9 667 27.2 9 670 27.2 9
ME19-8 Lb    570 0 89701.3 3463.899 34.91823 0.98597 5.3 0.10935 4.1 0.773652 664 27.3 16 669 27.3 15 666 27.3 15
ME19-7 S-320   695 4 40411.6 6131.513 55.74063 0.94124 3.1 0.11028 2.6 0.8059 690 17.0 -3 674 17.1 -1 691 17.0 -3
ME19-8 Lb    132 1 17118.8 968.3459 19.2711 0.95744 3.9 0.11061 1.4 0.335643 670 11.4 4 676 11.4 3 673 11.4 4
ME19-7 S-38  107 1 5349.0 430.0515 7.108471 0.96575 5.4 0.11087 3.6 0.659294 663 23.8 7 678 23.7 5 668 23.8 6
ME19-8 Lb    201 1 10153.8 410.5112 7.542933 0.96428 4.5 0.11096 3.4 0.736012 672 22.9 5 678 22.8 4 675 22.8 5
ME19-8 Lb    234 0 22612.3 858.6904 16.64519 0.98686 4.8 0.11198 3.1 0.631984 677 21.4 8 684 21.4 7 680 21.4 8
ME19-8 Lb    269 1 28132.1 28132.11 696.2322 0.97815 4.0 0.11199 3.2 0.788188 680 22.1 6 684 22.0 5 682 22.1 5
ME19-7 S-52    197 1 8487.9 512.1745 8.017807 0.95536 6.0 0.11273 3.0 0.495644 678 20.4 -3 689 20.4 -5 682 20.4 -4
ME19-7 S-24    40.8 1 2251.5 181.0164 3.060789 0.94765 8.3 0.11303 2.6 0.308527 671 18.0 -6 690 18.0 -9 676 18.0 -7
ME19-7 S-78   51.2 1 2211.3 253.1771 3.870427 0.90507 11.8 0.11391 5.1 0.429586 675 34.2 -31 695 34.1 -35 681 34.2 -32
ME19-8 Lb    634 1 32517.7 8851.163 155.2866 0.99848 4.4 0.11411 3.3 0.755026 693 23.2 4 697 23.2 4 694 23.2 4
ME19-7 S-90   302 1 17942.0 5644.367 162.2107 0.99296 4.5 0.11412 3.0 0.670186 699 20.8 2 697 20.9 2 702 20.8 1
ME19-7 S-86    136 1 7235.3 411.2681 12.04961 1.02113 5.1 0.11567 3.9 0.756304 693 26.8 7 706 26.8 5 698 26.8 6
ME19-7 S-61    183 1 9381.8 1864.96 22.29226 1.11573 4.3 0.11642 3.5 0.813386 700 24.2 23 710 24.2 22 704 24.2 23
ME19-7 S-47   185 2 8754.2 2753.974 41.49352 0.95041 4.2 0.11649 2.9 0.674773 699 20.0 -22 710 20.0 -24 704 20.0 -23
ME19-7a_7   96.2 1 3729.1 104.6803 1.226904 1.10797 5.8 0.11708 3.2 0.536849 713 22.6 20 714 22.6 20 710 22.6 20
ME19-7c_54    963 2 31627.5 2359.981 28.30905 1.00550 3.6 0.11722 2.9 0.772465 727 20.4 -7 715 20.5 -5 718 20.5 -5
ME19-17b_32  108 1 3719.0 123.6842 1.989227 1.04148 8.1 0.11776 2.9 0.347162 717 20.7 4 718 20.7 4 714 20.7 4
ME19-7a_9    107 1 4412.1 138.2219 2.057738 1.06306 5.5 0.11804 3.5 0.629433 719 24.8 8 719 24.8 8 716 24.8 9
Composition
Analysis
 Apparent ages (Ma)











ME19-7c_58    286 1 10106.0 4412.167 46.15925 1.02011 4.9 0.11822 3.6 0.715307 723 25.2 -4 720 25.2 -4 718 25.2 -3
ME19-7c_56   63.3 1 2102.6 917.9685 24.70498 1.04071 9.8 0.11934 4.0 0.403829 725 28.2 -1 727 28.2 -1 723 28.2 -1
ME19-7 S-85   59.7 1 3382.5 185.7518 6.580473 1.10190 6.2 0.12246 4.0 0.639481 725 28.9 7 745 28.8 5 731 28.9 7
ME19-7 S-80   92.9 1 5585.0 4209.099 115.3855 1.51700 5.1 0.15852 4.3 0.827808 928 38.5 -2 949 38.4 -4 936 38.5 -3
ME19-17b_38   1157 1 68767.8 7091.008 80.97458 1.69154 3.0 0.16789 2.8 0.902541 1042 27.3 -3 1000 27.5 2 1026 27.4 -1
ME19-7a_1   92.6 2 5674.7 188.7268 2.732985 1.77447 6.2 0.17271 2.8 0.435201 1027 27.8 3 1027 27.8 3 1023 27.8 3
ME19-7 S-293    184 1 17886.0 3792.327 79.77631 1.81242 4.1 0.17289 3.3 0.79119 1024 32.2 7 1028 32.2 6 1031 32.1 6
ME19-17b_36  107 1 5486.9 699.3236 14.89714 1.81132 5.7 0.17321 3.1 0.522293 1030 30.3 6 1030 30.3 6 1026 30.4 6
ME19-7c_52    92.5 1 4595.7 10477.35 124.2862 1.77053 5.1 0.17360 3.9 0.758114 1031 38.5 1 1032 38.5 1 1028 38.6 1
ME19-7 S-99    43.8 0 2951.7 282.2453 4.735283 1.72228 8.0 0.17410 3.8 0.467514 1007 37.2 -3 1035 37.1 -6 1016 37.2 -4
ME19-7a_11    127 1 7792.1 510.8423 5.85961 1.73565 5.1 0.17490 2.7 0.50307 1041 27.1 -6 1039 27.1 -5 1036 27.1 -5
ME19-17b_40   487 0 26680.3 1990.827 27.43667 1.75892 2.8 0.17537 2.3 0.770568 1056 23.4 -5 1042 23.4 -3 1048 23.4 -4
ME19-17b_42   561 1 29269.9 3018.176 46.6087 1.79081 3.2 0.17673 2.4 0.714296 1065 24.9 -4 1049 25.0 -2 1056 24.9 -3
ME19-17b_33    90.2 1 4873.2 184.8393 1.968766 1.66477 6.1 0.17680 3.4 0.541557 1049 34.0 -20 1049 34.0 -20 1045 34.0 -19
ME19-7a_27    143 1 7716.8 451.1325 7.131075 1.97980 4.6 0.17753 2.9 0.614785 1055 29.7 13 1053 29.7 14 1051 29.8 14
ME19-7 S-288   224 1 22769.0 2696.897 51.58505 2.25695 2.5 0.17803 2.1 0.801386 1058 21.6 28 1056 21.6 28 1065 21.5 27
FC1_111    99.3 1 5208.1 179.0335 3.100429 1.95633 2.5 0.18242 2.0 0.75261 1124 22.8 1 1080 22.9 5 1114 22.8 2
ME19-7 S-55   248 1 19314.0 773.2397 6.677656 1.93059 3.6 0.18485 2.6 0.730434 1101 27.9 -1 1093 27.9 0 1107 27.8 -2
ME19-7a_29    321 1 19087.8 702.8931 4.205502 1.95713 4.0 0.18503 3.4 0.831516 1104 35.4 1 1094 35.5 2 1097 35.5 1
ME19-7 S-29    189 0 16307.9 2369.499 23.37376 1.96769 4.2 0.18511 3.1 0.72696 1095 32.0 3 1095 32.0 3 1102 32.0 2
ME19-7 S-53    80.6 1 6272.1 592.4806 6.116964 1.94422 4.2 0.18615 2.5 0.575031 1079 26.5 1 1100 26.4 -1 1087 26.4 0
ME19-7 S-308    80.1 0 8693.7 3011.203 90.45622 2.04366 4.5 0.18657 3.5 0.773408 1088 36.1 8 1103 36.1 7 1096 36.1 7
ME19-7 S-4    47.5 1 3952.8 276.6192 6.491539 1.92169 7.7 0.18679 2.5 0.319451 1077 27.0 -2 1104 26.8 -4 1086 26.9 -3
ME19-7 S-304   424 1 46789.9 4089.502 64.56806 2.02179 3.7 0.18729 3.2 0.846364 1140 33.3 1 1107 33.5 4 1144 33.3 1
ME19-7 S-18    141 0 13309.7 1658.082 49.44133 2.02936 4.7 0.18889 3.0 0.63811 1109 32.3 3 1115 32.3 3 1116 32.3 2
ME19-7 S-297  163 0 18227.8 1377.446 34.48998 2.12420 4.1 0.19285 3.1 0.750753 1133 33.7 5 1137 33.7 5 1141 33.7 4
ME19-7 S-310   31.6 0 3436.7 270.8274 7.835295 2.11511 8.3 0.19460 3.7 0.444917 1124 40.0 4 1146 39.9 2 1133 40.0 3
ME19-7a_15  148 1 9327.2 411.6016 6.431465 2.10726 5.7 0.19461 3.4 0.584804 1149 36.8 1 1146 36.9 1 1144 36.9 1
ME19-7a_24    161 1 9759.3 1628.125 19.57782 2.20289 4.9 0.19968 3.3 0.646364 1177 36.3 2 1174 36.3 2 1172 36.4 2
ME19-7c_61   157 1 8754.7 337.0712 5.610405 2.11485 4.5 0.20103 3.1 0.66602 1183 34.6 -7 1181 34.6 -7 1178 34.6 -7
ME19-7a_21   92.2 1 5671.2 200.9911 3.7353 2.35995 5.4 0.20281 2.4 0.423906 1191 27.8 9 1190 27.8 9 1186 27.9 9
ME19-7 S-303  916 1 124335.0 18864.9 536.0462 2.61293 3.3 0.20515 3.0 0.877506 1361 33.0 8 1203 33.8 18 1358 33.0 8
ME19-7 S-6   102 0 9263.0 875.0132 18.05176 2.14844 5.1 0.20635 3.8 0.736049 1193 43.2 -10 1209 43.1 -12 1202 43.2 -11
ME19-7 S-339   72.1 1 7198.0 368.1147 6.503009 3.21972 8.0 0.21060 3.1 0.381827 1213 35.8 33 1232 35.7 32 1223 35.7 33










ME19-7 S-11    40.9 1 4052.3 458.9393 6.845699 3.77785 7.7 0.21937 4.4 0.576363 1248 52.6 38 1279 52.3 37 1259 52.5 38
ME19-7 S-48    232 1 20461.3 943.0374 12.60308 2.69902 3.0 0.22173 2.0 0.641409 1302 25.0 6 1291 25.1 7 1310 25.0 6
ME19-7 S-71  369 0 32623.3 2462.97 22.25756 2.69972 5.5 0.22271 5.2 0.936863 1341 61.2 3 1296 61.6 6 1347 61.1 2
ME19-7a_8    94.2 1 6906.6 244.7728 1.604871 2.65843 3.7 0.22610 3.0 0.796223 1315 37.8 0 1314 37.8 1 1310 37.8 1
ME19-7 S-324  47.2 1 5185.0 391.8221 4.653093 2.65181 5.4 0.23206 3.7 0.677525 1322 45.8 -4 1345 45.7 -6 1333 45.8 -5
ME19-7 S-36  32.5 1 3339.2 663.7752 10.13143 2.82261 6.8 0.23481 4.6 0.669456 1325 57.7 3 1360 57.4 0 1337 57.6 2
ME19-7 S-91    171 1 19310.3 2029.191 47.91688 3.00519 3.8 0.23991 3.1 0.80921 1395 40.3 3 1386 40.4 4 1404 40.3 3
ME19-7 S-296  134 1 18380.2 17754.28 405.927 3.01443 4.0 0.24027 3.3 0.79571 1384 41.7 4 1388 41.7 4 1394 41.7 4
ME19-7a_28    186 1 14108.9 476.7131 6.013824 2.97866 4.7 0.24082 3.5 0.718174 1398 44.9 1 1391 45.0 2 1392 44.9 2
ME19-7 S-69   19.7 1 1853.4 368.4233 9.102646 2.72824 9.1 0.24224 5.5 0.595028 1359 69.8 -10 1398 69.4 -13 1371 69.7 -11
ME19-7 S-23   100 0 12268.1 565.4215 6.813622 3.06052 3.2 0.25273 1.7 0.487072 1441 24.1 -5 1453 24.1 -5 1452 24.1 -5
ME19-7 S-50  90.9 1 8560.0 475.7251 14.51863 3.12442 3.9 0.25379 2.9 0.722732 1436 39.3 -2 1458 39.2 -3 1447 39.3 -3
ME19-7 S-328    236 0 30888.1 1691.141 19.9838 3.16005 3.1 0.25400 2.6 0.803454 1475 34.9 -3 1459 35.0 -2 1484 34.8 -4
ME19-7 S-77    122 1 11955.3 495.7667 6.006078 3.55367 4.9 0.25535 2.6 0.519137 1454 35.7 11 1466 35.7 11 1465 35.7 11
ME19-7 S-280  330 0 48583.4 2484.607 38.75676 3.48559 4.0 0.25697 3.5 0.878428 1521 47.2 5 1474 47.5 7 1528 47.2 4
ME19-7 S-19    61.3 0 8026.9 403.5223 8.152297 3.43957 4.9 0.25962 3.6 0.722771 1464 49.1 6 1488 49.0 4 1476 49.1 5
ME19-7c_57   199 1 15441.3 789.7603 22.87603 3.61294 2.9 0.26351 1.4 0.438961 1517 22.7 6 1508 22.8 7 1510 22.8 6
ME19-7 S-10    560 0 84107.4 26459.38 499.9779 3.89631 2.5 0.26524 2.2 0.85377 1755 31.2 -1 1517 32.3 13 1754 31.2 -1
ME19-7 S-312   126 1 20032.3 1642.327 43.51262 3.53326 4.8 0.26755 3.8 0.789901 1527 52.6 1 1528 52.6 1 1537 52.5 0
ME19-7 S-64 74.6 2 8746.0 612.0411 4.512143 3.95158 5.4 0.26869 3.3 0.598507 1512 46.5 13 1534 46.3 12 1524 46.4 13
ME19-7 S-292   228 1 36899.7 2939.178 42.11528 3.86217 3.6 0.27202 3.1 0.832762 1579 43.2 6 1551 43.4 8 1588 43.1 5
ME19-7c_53    412 1 33536.9 1897.366 31.92808 4.02046 3.1 0.27483 2.8 0.879684 1592 41.3 8 1565 41.5 10 1582 41.4 9
ME19-7 S-299    344 0 57886.6 8782.927 244.183 4.09214 5.2 0.27602 4.8 0.912855 1637 66.7 7 1571 67.4 11 1644 66.7 6
ME19-7 S-279   181 0 26899.6 4081.376 44.8169 4.09937 4.8 0.27828 4.3 0.889474 1593 60.9 9 1583 61.0 9 1603 60.8 8
ME19-7 S-306    308 0 52808.5 3806.63 75.41951 4.14360 3.7 0.28579 3.6 0.951355 1679 52.1 2 1620 52.6 6 1687 52.0 2
ME19-7 S-70   101 1 11906.0 950.0636 14.73463 4.32163 5.9 0.28993 5.6 0.933193 1628 81.7 8 1641 81.6 7 1640 81.6 7
ME19-7 S-30   97.6 1 13931.4 702.5815 14.40926 4.18576 4.2 0.29381 3.4 0.795134 1653 50.6 2 1661 50.5 1 1665 50.5 1
ME19-7 S-74   135 1 15893.5 1501.346 18.33295 4.24076 5.4 0.29412 4.9 0.891877 1661 72.2 3 1662 72.2 3 1673 72.0 2
ME19-7c_46  333 1 30874.6 1804.97 43.79387 4.32210 3.6 0.30164 3.1 0.853135 1726 48.4 -2 1699 48.6 0 1716 48.4 -1
ME19-7 S-319   92.6 1 12920.5 923.0124 11.8902 4.16597 3.1 0.30346 2.8 0.889007 1694 43.1 -5 1708 43.0 -6 1706 43.0 -6
ME19-7a_26   176 1 17123.4 4133.764 47.04932 4.41361 4.0 0.30536 3.1 0.769997 1730 49.0 -1 1718 49.1 0 1722 49.1 -1
ME19-7 S-338  172 0 26108.8 5509.392 121.2667 4.56042 3.7 0.30563 2.7 0.709764 1729 42.2 2 1719 42.3 3 1740 42.2 2
ME19-7a_23    168 1 16642.1 619.6713 7.732748 4.49708 3.5 0.30719 2.6 0.727465 1739 42.1 0 1727 42.2 0 1731 42.2 0
ME19-7 S-318 63.5 1 9287.9 9287.852 165.4074 4.32942 4.1 0.31221 3.2 0.768912 1730 49.9 -6 1752 49.8 -7 1743 49.8 -7









ME19-7 S-326    122 1 18858.3 2233.686 17.58114 4.60130 3.6 0.31563 2.4 0.6455 1764 39.0 -2 1768 38.9 -2 1777 38.9 -3
ME19-17b_31   84.3 0 8520.7 1085.99 12.56824 4.43356 4.7 0.31571 3.0 0.619633 1772 48.4 -7 1769 48.4 -7 1766 48.5 -6
ME19-17b_44    206 1 18621.0 821.7256 8.024094 5.15912 3.5 0.31586 3.0 0.831073 1784 48.1 8 1769 48.2 8 1776 48.1 8
ME19-17b_43    207 0 19189.6 4632.549 29.19634 4.59020 3.9 0.32060 2.9 0.712396 1808 47.0 -7 1793 47.1 -6 1799 47.1 -6
ME19-17b_45    219 1 20207.1 824.3538 16.36455 4.66150 3.3 0.32387 2.9 0.849774 1825 48.0 -7 1809 48.1 -6 1816 48.1 -7
ME19-7c_64   308 1 27731.2 1621.203 26.99991 4.80359 3.6 0.32396 3.2 0.871921 1833 52.2 -4 1809 52.4 -3 1824 52.3 -4
ME19-7 S-321    147 1 24451.1 1249.778 16.39464 5.34035 3.3 0.34038 2.7 0.807648 1896 46.3 -2 1888 46.3 -1 1908 46.2 -3
ME19-7 S-51    54.1 2 8133.6 569.1842 6.158235 9.53519 4.3 0.38787 4.0 0.920972 2081 73.2 21 2113 72.8 20 2098 73.0 20
ME19-7 S-298    261 0 63622.1 9653.147 235.5774 8.66413 5.1 0.40716 4.9 0.944079 2305 90.7 4 2202 92.1 8 2316 90.5 3
ME19-7 S-302    135 1 32788.8 1567.571 43.51639 8.48509 3.2 0.41381 2.7 0.825007 2260 51.8 3 2232 52.1 4 2275 51.7 2
ME19-7 S-40    244 1 56557.8 3503.83 92.9435 9.49786 3.5 0.42807 3.4 0.946229 2486 65.2 -1 2297 67.2 7 2497 65.1 -1
ME19-7 S-332  379 1 90038.3 10668.29 117.2009 9.61066 2.9 0.43334 2.7 0.917372 2500 53.2 -1 2321 54.7 6 2510 53.1 -2
ME19-7 S-7    179 1 38710.4 2398.159 68.64307 9.81809 3.9 0.44012 3.7 0.951107 2455 74.4 1 2351 75.6 5 2469 74.2 0
ME19-7 S-281    180 1 45599.6 3754.179 49.89168 10.10207 2.9 0.44116 2.7 0.919176 2417 55.3 4 2356 55.8 6 2432 55.2 3
ME19-7 S-283  133 0 33297.4 1729.428 24.14928 9.87532 2.8 0.44140 2.5 0.856536 2387 50.8 4 2357 51.0 5 2403 50.7 3
ME19-17b_41   288 1 40573.7 1887.022 11.09718 10.18162 3.1 0.45500 2.6 0.804944 2467 55.5 1 2417 55.9 3 2454 55.6 1
ME19-7a_2    141 1 22558.6 706.7196 12.88399 9.83977 3.3 0.45746 3.0 0.885537 2452 64.1 -2 2428 64.4 -1 2443 64.2 -1
ME19-7 S-43   123 1 27883.7 2633.981 31.8792 10.69686 2.9 0.46336 2.3 0.773748 2509 49.5 1 2454 49.9 3 2525 49.4 0
ME19-7 S-341  258 1 64434.7 6259.13 81.61233 10.86849 3.8 0.46340 3.7 0.956785 2569 75.9 0 2455 77.2 4 2583 75.7 -1
ME19-7 S-334   148 1 33667.8 7138.487 83.14412 10.41586 3.9 0.46951 3.6 0.914899 2514 76.3 -2 2481 76.7 -1 2530 76.1 -3
ME19-7c_55   279 1 40684.2 1955.124 12.98207 10.61143 3.0 0.47705 2.8 0.891371 2566 60.1 -4 2514 60.5 -2 2553 60.2 -3
ME19-17b_37   341 0 51271.4 2262.553 25.96838 10.81403 3.7 0.48010 3.4 0.908589 2595 73.3 -4 2528 74.1 -1 2581 73.5 -4
ME19-7a_6    207 1 33857.9 1284.22 12.83544 11.01015 2.9 0.48542 2.6 0.871362 2593 57.7 -4 2551 58.1 -2 2581 57.9 -3
ME19-7 S-307 206 2 64552.1 3847.991 105.2043 12.56111 3.0 0.49094 2.7 0.903304 2694 59.0 0 2575 60.1 5 2709 58.8 0
ME19-7 S-286   57.7 1 16449.0 707.2562 17.8119 13.26668 3.7 0.51410 3.6 0.951718 2662 80.4 2 2674 80.3 2 2681 80.2 1
ME19-7c_62  51.7 1 7435.2 276.8512 4.358811 13.42724 4.4 0.51956 3.4 0.758207 2700 76.9 1 2697 76.9 1 2693 77.0 1
ME19-7 S-335  103 1 26366.6 1327.15 16.9498 12.85007 4.0 0.51958 3.8 0.939121 2712 85.4 -2 2697 85.6 -2 2730 85.2 -3
ME19-7 S-330  66.6 1 16723.5 1414.006 22.68297 13.15884 3.8 0.52245 3.1 0.817271 2698 71.4 -1 2710 71.3 -1 2717 71.2 -1
ME19-7c_60   212 2 32919.3 3394.476 62.161 12.53517 3.4 0.52408 3.3 0.952355 2759 75.8 -6 2716 76.3 -5 2747 75.9 -6
ME19-17b_35    156 1 26291.1 6346.915 68.86427 13.51996 3.6 0.53155 3.4 0.90938 2780 77.9 -3 2748 78.3 -2 2770 78.1 -3
ME19-7 S-337  65.2 1 17761.4 1003.362 9.780706 14.17773 3.7 0.53864 3.0 0.788786 2769 69.7 -1 2778 69.6 -1 2788 69.5 -1
ME19-7 S-291  153 1 52480.8 4320.703 131.9045 18.18642 3.1 0.57995 3.0 0.947518 3043 72.1 0 2949 73.1 3 3061 71.9 -1





Table B.4.  
U-Pb LA-ICPMS geochronological analyses for ME19-8; n = 207.  
 
 
U 206Pb 206Pb 207Pb* ±2s 206Pb* ±2s error 206Pb* ±2s % 206Pb* ±2s % 206Pb* ±2s %
ppm Th/U cps 204Pb ±1s 235U* (%) 238U (%) corr. 238U* (Ma) disc. 238U* (Ma) disc. 238U* (Ma) disc.
ME-19-8_Mb_161   88.1 0.779 2656 7109 252 0.89854 8.4 0.10327 3.4 0.398001 633 21.1 11 634 21.1 11 627 21.1 12
ME19-8 S-105    753 0.730 40681 1667 34.2 0.91236 3.9 0.10504 3.2 0.806461 679 20.0 4 644 20.1 9 677 20.0 4
ME-19-8_M_122    141 0.801 5119 2300 26.0 0.92652 5.7 0.10526 2.4 0.409067 646 15.6 12 645 15.6 12 639 15.6 13
ME-19-8_M_138    170 0.944 5745 431 3.89 0.89437 6.5 0.10600 3.4 0.52148 651 21.8 -1 649 21.9 -1 644 21.9 0
ME-19-8_M_145    192 1.17 6723 288 5.03 0.91038 5.6 0.10606 2.8 0.491069 652 18.0 5 650 18.0 5 645 18.0 6
ME-19-8_M_114    161 0.818 6982 608 12.2 0.94050 5.0 0.10635 3.2 0.628173 654 20.6 12 652 20.6 13 647 20.6 13
ME-19-8_Mb_182    36.3 0.645 1184 65.5 0.864 0.89102 9.8 0.10656 3.5 0.353974 652 22.4 -4 653 22.4 -4 645 22.4 -3
ME19-8b_96   579 1.10 14984 573 11.6 0.95419 3.4 0.10663 2.7 0.761164 657 17.7 15 653 17.7 15 652 17.7 15
ME19-8 La-37   56.0 0.757 3246 123 1.40 0.96936 5.2 0.10686 3.3 0.636861 648 21.8 19 654 21.8 18 651 21.8 19
ME19-8b_116    180 0.507 4563 141 2.70 0.90010 7.1 0.10692 2.1 0.285145 654 14.3 -2 655 14.3 -2 652 14.3 -2
ME-19-8_M_136    71.5 2.21 2608 1172 17.9 1.02684 7.3 0.10693 4.2 0.57782 655 26.8 29 655 26.8 29 648 26.9 29
ME-19-8_Mb_188   358 0.911 12142 109079 775 0.92033 4.6 0.10756 2.0 0.408217 663 13.3 2 659 13.3 3 657 13.3 3
ME-19-8_Mb_200    55.0 0.837 1687 114 1.67 1.05642 6.3 0.10774 4.2 0.659395 659 26.9 31 660 26.9 31 652 27.0 32
ME19-8 La-40    94.9 0.667 10561 519 8.37 0.91009 4.1 0.10778 2.6 0.60983 657 17.6 -1 660 17.6 -2 658 17.6 -2
ME19-8 S-388    82.7 1.47 4638 979 27.9 0.99615 6.7 0.10782 3.3 0.478926 648 21.0 23 660 21.0 21 653 21.0 22
ME-19-8_Mb_229    229 0.792 7892 1630 21.8 0.94166 4.7 0.10783 2.9 0.599334 663 18.8 8 660 18.8 8 656 18.9 9
ME19-8 S-364    152 0.407 8788 1333 20.3 0.97918 4.1 0.10786 3.3 0.797766 651 21.4 19 660 21.4 18 656 21.4 18
ME-19-8_M_135  112 0.878 4738 415 7.13 0.96391 5.8 0.10790 3.6 0.613741 661 23.2 14 661 23.2 14 654 23.2 15
ME-19-8_M_149    163 0.822 6698 1130 14.5 0.91251 4.5 0.10791 2.9 0.625803 663 18.6 -2 661 18.6 -1 656 18.7 -1
ME-19-8_Mb_157    262 0.877 9052 1163 26.8 0.94474 4.7 0.10803 2.5 0.513023 665 16.4 8 661 16.4 8 658 16.4 9
ME19-8 S-417    128 0.751 8069 343 3.40 0.96979 5.0 0.10873 3.1 0.614109 655 20.3 14 665 20.3 13 660 20.3 14
ME-19-8_M_126 235 1.28 9265 695 5.54 1.00168 4.0 0.10889 2.5 0.612015 670 16.8 19 666 16.8 20 663 16.8 20
ME-19-8_Mb_228    255 0.814 8537 1440 34.2 0.94119 5.2 0.10900 3.3 0.620819 670 21.3 4 667 21.3 4 663 21.3 5
ME-19-8_M_139   136 0.563 5096 377 3.98 0.92794 5.0 0.10974 2.8 0.5421 672 18.3 -3 671 18.3 -3 665 18.3 -2
ME-19-8_M_150   125 1.03 4982 328 9.90 0.92158 6.3 0.10982 3.8 0.59169 673 24.5 -6 672 24.5 -6 666 24.5 -5
ME-19-8_Mb_210   193 0.992 6576 983 11.7 0.99047 5.8 0.10990 3.2 0.536845 674 20.8 14 672 20.8 14 667 20.8 15
ME-19-8_M_152    237 1.29 10259 1730 58.3 0.97849 3.8 0.10996 2.3 0.582705 676 15.5 11 673 15.5 11 670 15.5 12
ME-19-8_M_142   115 0.654 3933 505 10.0 0.95277 6.1 0.11013 3.9 0.6285 674 25.4 4 674 25.4 4 667 25.4 5
ME-19-8_Mb_190    45.9 0.943 1599 129 3.34 0.97998 11.9 0.11022 4.0 0.327226 673 25.8 11 674 25.8 11 666 25.8 12
Analysis
Composition Isotope Ratios Secondary Correction - Apparent ages (Ma)









ME-19-8_M_110   53.2 0.889 2219 230 4.81 1.02360 6.0 0.11026 3.4 0.561063 674 22.4 21 674 22.4 20 667 22.5 21
ME-19-8_Mb_206    458 0.452 16054 1667 11.8 0.94869 3.5 0.11033 2.2 0.599235 682 14.7 1 675 14.8 2 675 14.8 2
ME-19-8_Mb_212    398 0.581 14054 1267 21.0 0.95638 3.2 0.11036 2.2 0.660002 681 14.9 3 675 14.9 4 674 14.9 4
ME19-8b_104    143 0.858 3228 159 2.31 1.04689 7.5 0.11038 4.5 0.592818 674 29.3 24 675 29.3 24 671 29.4 25
ME-19-8_Mb_213    228 0.682 7801 1002 9.54 0.95075 4.0 0.11039 1.8 0.432006 678 12.8 2 675 12.8 2 671 12.8 3
ME-19-8_Mb_201    572 10.1 18919 3382 44.3 0.94957 3.4 0.11114 1.7 0.473329 688 12.1 -2 679 12.1 -1 682 12.1 -1
ME19-8a_87    117 1.57 3223 117 2.53 1.01689 5.0 0.11144 3.5 0.688736 680 23.5 16 681 23.5 16 677 23.5 17
ME-19-8_M_102   382 1.10 18497 49503 364 0.96278 3.6 0.11186 2.6 0.707974 692 17.6 -1 684 17.6 1 686 17.6 0
ME19-8 La-33    98.1 3.00 5881 455 15.2 0.94680 3.4 0.11187 2.5 0.720556 685 17.6 -5 684 17.6 -5 684 17.6 -5
ME19-8 Lb-55    231 0.591 15273 688 6.80 0.94785 6.6 0.11192 3.4 0.504269 677 22.8 -3 684 22.8 -5 680 22.8 -4
ME-19-8_M_133    243 0.953 10515 4725 141 0.94994 4.1 0.11196 1.7 0.382591 688 12.0 -5 684 12.0 -4 681 12.0 -4
ME19-8 S-404   346 1.78 22934 1031 14.2 0.95556 4.7 0.11203 2.9 0.601571 686 19.4 -3 685 19.4 -2 689 19.3 -3
ME-19-8_Mb_180   875 1.30 33068 1719 18.3 0.98230 3.3 0.11208 2.6 0.774072 702 17.6 3 685 17.6 6 696 17.6 4
ME19-8 S-112  337 1.47 17734 1366 22.0 0.94726 4.0 0.11217 2.6 0.629142 688 17.5 -6 685 17.5 -6 690 17.5 -7
ME-19-8_Mb_184   123 0.880 4379 211 2.99 0.96286 5.8 0.11217 3.4 0.569659 686 22.5 0 685 22.5 0 679 22.6 1
ME-19-8_Mb_225  65.0 0.940 2123 116 1.88 0.97196 8.2 0.11226 3.2 0.378488 685 21.1 2 686 21.1 2 678 21.1 3
ME19-8 Lb-54    91.7 0.907 5832 287 3.27 0.92948 6.6 0.11230 4.3 0.65542 679 29.1 -12 686 29.1 -13 682 29.1 -13
ME-19-8_M_116   179 1.06 7640 573 11.7 0.97894 4.4 0.11231 4.0 0.886703 689 26.4 4 686 26.4 4 682 26.5 5
ME19-8 S-123  143 0.922 7034 1661 20.7 0.92900 5.9 0.11238 2.5 0.412301 674 17.1 -12 687 17.0 -14 678 17.0 -13
ME-19-8_Mb_196   511 2.58 17189 1784 29.0 0.93550 3.4 0.11239 2.2 0.609865 695 14.9 -13 687 14.9 -11 688 14.9 -12
ME-19-8_Mb_202   225 0.959 7284 993 15.8 0.96809 5.0 0.11248 3.3 0.640216 690 21.9 0 687 21.9 0 682 21.9 1
ME-19-8_Mb_170   535 1.10 22015 1169 18.0 0.97288 4.3 0.11249 3.0 0.68105 698 20.1 0 687 20.2 2 691 20.2 1
ME-19-8_M_127   120 1.51 4510 268 2.73 1.01626 5.0 0.11252 2.7 0.529377 688 18.6 13 687 18.6 13 681 18.7 14
ME-19-8_Mb_160  121 0.614 4417 235 4.05 0.98472 6.0 0.11261 3.1 0.506588 689 20.9 5 688 20.9 5 681 21.0 6
ME19-8b_93   299 1.70 7648 1276 7.67 0.94652 4.9 0.11263 1.8 0.350041 689 13.3 -8 688 13.3 -8 685 13.3 -8
ME19-8b_103   737 0.872 19844 1155 11.9 0.97786 4.3 0.11267 2.9 0.642773 695 19.6 2 688 19.6 3 688 19.6 3
ME19-8 La-36    369 1.58 19462 713 12.1 0.96118 5.9 0.11269 2.9 0.487528 681 20.2 -2 688 20.2 -3 685 20.2 -2
ME-19-8_Mb_198    75.0 1.20 2311 268 4.11 0.96385 7.6 0.11273 4.2 0.5474 688 27.8 -2 689 27.8 -2 681 27.8 -1
ME-19-8_Mb_192   509 2.87 19167 4701 124 0.94801 4.1 0.11282 2.7 0.639245 698 18.4 -10 689 18.4 -8 692 18.4 -9
ME19-8 S-402 57.7 0.949 3538 223 3.62 0.94259 7.6 0.11326 3.6 0.476512 678 24.5 -10 692 24.4 -12 683 24.5 -11
ME19-8 Lb-49  149 4.94 10620 718 16.8 0.95679 3.3 0.11327 2.4 0.69992 694 17.1 -7 692 17.1 -7 692 17.1 -7
ME-19-8_M_118   324 6.55 13736 608 8.34 1.03484 4.7 0.11335 3.3 0.702311 698 22.5 14 692 22.5 15 691 22.5 15
ME-19-8_M_104   156 1.18 7408 3329 64.6 0.98803 4.7 0.11344 3.1 0.636595 695 20.8 3 693 20.8 3 688 20.9 4
ME19-8 Lb-52   123 0.693 8497 319 6.09 0.96081 8.8 0.11349 4.7 0.528832 684 31.5 -5 693 31.5 -6 688 31.5 -5









ME-19-8_M_117  173 0.678 7161 743 8.94 0.97026 5.2 0.11350 3.1 0.588692 695 21.1 -3 693 21.1 -3 688 21.1 -2
ME19-8 La-34  114 1.10 6721 1830 17.2 0.98112 6.0 0.11351 3.6 0.590792 686 24.5 2 693 24.5 1 689 24.5 1
ME-19-8_Mb_226    85.6 0.970 2848 173 3.01 0.97040 8.7 0.11376 3.3 0.366244 694 22.0 -4 695 22.0 -4 687 22.0 -3
ME19-8b_107  663 0.597 17414 7603 113 0.97284 4.0 0.11381 2.1 0.488648 700 14.9 -4 695 15.0 -3 694 15.0 -3
ME19-8 S-418   346 0.674 24006 8315 88.1 0.97327 3.4 0.11383 2.3 0.648134 697 15.9 -3 695 15.9 -3 701 15.8 -4
ME-19-8_Mb_231    121 1.03 4119 235 6.48 1.00632 6.3 0.11390 2.7 0.4129 696 18.4 6 695 18.4 7 689 18.4 7
ME-19-8_Mb_183   83.0 1.17 2921 256 5.24 0.97938 6.0 0.11397 2.8 0.460397 696 19.2 -2 696 19.2 -2 688 19.3 0
ME-19-8_Mb_191   145 1.14 5063 628 3.49 0.94702 6.6 0.11397 1.7 0.242863 697 12.4 -14 696 12.4 -13 690 12.4 -12
ME19-8 Lb-50    393 0.965 50886 2826 39.7 1.00007 3.4 0.11409 2.7 0.792462 695 19.4 4 696 19.4 4 695 19.4 4
ME19-8 La-38  126 1.32 13202 1790 20.6 1.00024 6.0 0.11471 2.8 0.454372 693 19.9 3 700 19.9 2 696 19.9 3
ME-19-8_Mb_159    58.9 0.801 2026 911 25.5 1.03930 8.5 0.11483 4.3 0.499579 700 29.0 12 701 29.0 12 693 29.1 13
ME-19-8_Mb_199    174 1.52 5206 343 5.59 1.01854 6.2 0.11490 3.2 0.51345 702 22.1 6 701 22.1 7 695 22.1 7
ME19-8 S-128   134 1.50 5915 1861 38.9 1.13659 6.9 0.11495 2.7 0.388806 687 19.0 30 701 19.0 28 692 19.0 29
ME19-8a_77    327 0.757 9855 735 13.6 0.99352 4.7 0.11514 3.3 0.693785 705 22.9 -2 703 22.9 -1 700 22.9 -1
ME-19-8_Mb_189    215 1.03 7714 459 5.54 1.01915 4.3 0.11517 3.1 0.720381 705 21.4 6 703 21.4 6 698 21.5 7
ME19-8b_94   389 1.07 11109 2682 52.7 1.01300 4.9 0.11518 3.5 0.707399 705 24.1 4 703 24.1 4 701 24.2 5
ME-19-8_Mb_173   215 0.711 8868 23733 369 0.99298 3.7 0.11522 2.5 0.670048 706 17.7 -2 703 17.7 -2 699 17.7 -1
ME19-8 La-41  564 0.882 33799 1556 14.2 1.04975 5.6 0.11533 2.5 0.431411 695 18.0 14 704 18.0 13 699 18.0 13
ME-19-8_Mb_223  127 1.06 4098 312 12.2 1.00970 6.9 0.11540 4.3 0.620855 705 29.3 3 704 29.4 3 697 29.4 4
ME19-8 S-108  189 0.871 9758 3070 33.7 0.99425 4.0 0.11541 2.6 0.63078 695 18.2 -1 704 18.2 -2 699 18.2 -1
ME19-8 S-411   52.1 1.12 3318 3205 57.0 1.05318 5.6 0.11544 3.3 0.575701 690 22.6 15 704 22.5 13 696 22.5 14
ME-19-8_Mb_186    265 1.07 9557 438 3.04 1.01819 4.4 0.11560 3.0 0.653662 709 20.5 4 705 20.5 4 702 20.5 5
ME-19-8_M_129   107 0.977 4206 437 4.60 0.96081 7.0 0.11575 3.9 0.540954 707 26.4 -16 706 26.4 -16 699 26.4 -14
ME19-8b_130  220 1.41 8238 329 8.89 1.02785 5.1 0.11597 4.3 0.824084 709 29.4 6 707 29.4 6 705 29.4 6
ME19-8 S-403    94.8 0.714 6275 6061 36.4 0.97183 6.0 0.11598 3.5 0.576005 695 24.1 -10 707 24.1 -12 701 24.1 -11
ME-19-8_Mb_165    268 3.46 10475 522 15.8 1.00017 5.9 0.11612 3.9 0.658907 712 26.7 -3 708 26.7 -3 705 26.8 -2
ME19-8 S-345    219 1.02 12312 1014 9.84 0.99220 3.9 0.11632 2.8 0.692409 702 19.3 -5 709 19.3 -6 707 19.3 -6
ME-19-8_Mb_158   633 0.399 24658 11080 285 1.00564 3.4 0.11672 2.6 0.745983 724 18.3 -5 712 18.3 -3 718 18.3 -4
ME-19-8_Mb_224  131 0.760 4465 756 8.79 0.99652 4.8 0.11692 2.6 0.520535 714 18.0 -7 713 18.0 -7 706 18.0 -6
ME19-8 S-126   159 0.927 7794 435 8.10 1.02553 5.0 0.11743 3.4 0.670371 703 23.7 2 716 23.7 1 708 23.7 2
ME19-8 Lb-51  90.0 0.735 6310 262 4.65 0.98405 5.2 0.11757 3.6 0.679423 710 25.2 -13 717 25.2 -14 713 25.2 -13
ME19-8a_80   277 1.02 8702 753 15.4 1.01228 5.0 0.11784 3.4 0.66747 720 24.1 -5 718 24.1 -5 716 24.1 -5
ME19-8 S-352  99.5 1.43 5862 235 2.50 1.05743 5.8 0.11952 2.7 0.466015 715 19.6 4 728 19.5 3 721 19.5 4
ME19-8 S-113  57.1 0.818 3195 167 2.91 1.05512 7.0 0.11968 2.9 0.398552 709 20.5 4 729 20.4 1 715 20.5 3
ME-19-8_M_121   254 1.57 9308 810 8.41 0.98138 5.0 0.12092 2.7 0.529798 740 19.6 -32 736 19.6 -31 732 19.6 -30









ME19-8b-77   96.7 0.777 4645 323 5.22 1.65186 4.0 0.16435 3.7 0.912567 992 34.8 2 981 34.8 3 989 34.8 2
ME-19-8_M_137    56.9 0.841 3096 522 12.1 1.85923 6.2 0.16988 4.0 0.641806 1012 38.3 14 1011 38.3 14 1001 38.4 15
ME-19-8_M_120   158 0.981 9710 570 7.23 1.81010 5.5 0.17060 4.3 0.776692 1021 41.0 9 1015 41.1 9 1010 41.1 10
ME-19-8_Mb_167   213 0.456 11687 513 7.28 1.89952 4.6 0.17365 2.9 0.614337 1039 28.4 12 1032 28.4 13 1029 28.4 13
ME19-8 S-415   107 0.841 11091 1314 17.5 1.86593 5.6 0.17481 3.5 0.621231 1027 34.5 9 1039 34.5 8 1035 34.5 9
ME19-8 S-399  246 0.286 25838 24958 524 1.73789 3.6 0.17547 3.1 0.84479 1048 30.5 -7 1042 30.6 -6 1054 30.5 -7
ME-19-8_Mb_162    404 1.24 22944 1309 27.9 1.86506 3.2 0.17700 2.4 0.730441 1067 24.7 4 1051 24.8 5 1057 24.8 4
ME19-8b_126    196 1.14 9368 919 10.6 1.84220 5.2 0.17747 3.2 0.603616 1056 32.2 2 1053 32.2 2 1051 32.2 2
ME-19-8_Mb_174    256 0.455 17367 2368 51.2 1.80176 4.1 0.17983 2.9 0.700031 1078 29.6 -7 1066 29.7 -6 1068 29.7 -6
ME-19-8_M_123    48.1 1.25 2823 164 1.37 1.97555 7.0 0.17996 3.0 0.421802 1067 30.7 10 1067 30.7 10 1055 30.8 11
ME19-8 S-135  115 0.351 9805 3085 38.8 1.95067 5.3 0.18115 3.2 0.599012 1059 32.6 8 1073 32.5 7 1067 32.6 7
ME19-8 S-350    19.0 2.12 1676 127 2.30 2.15555 8.6 0.18154 4.3 0.500632 1052 43.5 22 1075 43.3 20 1061 43.4 21
ME-19-8_M_156   31.6 0.914 2046 919 18.8 1.72140 8.8 0.18226 4.8 0.540167 1078 48.4 -22 1079 48.4 -22 1067 48.5 -21
ME19-8a_84    266 2.78 11245 25637 498 1.91729 4.9 0.18254 2.4 0.463122 1085 25.2 1 1081 25.2 2 1080 25.2 2
ME-19-8_Mb_215   54.2 0.686 3146 185 2.38 1.97332 4.6 0.18337 2.6 0.543452 1086 26.6 5 1085 26.6 5 1074 26.6 6
ME19-8 S-376   44.8 1.25 4268 218 2.84 1.93197 7.3 0.18343 3.4 0.464689 1065 35.4 4 1086 35.3 2 1074 35.3 3
ME19-8a_86    93.3 1.32 4313 322 4.39 2.09815 5.9 0.18394 3.8 0.632768 1088 39.1 14 1088 39.1 14 1084 39.2 14
ME19-8 S-408   80.0 0.663 8759 377 7.04 1.98226 3.8 0.18410 2.7 0.709245 1074 28.5 7 1089 28.4 5 1083 28.4 6
ME-19-8_Mb_179  169 0.338 10210 1669 14.7 1.90531 4.4 0.18424 3.0 0.650026 1096 30.6 -3 1090 30.7 -2 1085 30.7 -2
ME19-8 S-130   41.6 0.945 3378 322 10.9 2.07422 3.7 0.18445 2.3 0.622983 1063 24.9 14 1091 24.8 12 1072 24.9 13
ME-19-8_Mb_211 127 0.651 7591 420 4.20 1.97370 4.9 0.18507 2.5 0.485231 1099 25.9 3 1095 25.9 3 1087 26.0 4
ME19-8 S-117   73.8 0.881 6494 853 13.9 1.89486 5.3 0.18623 2.9 0.529132 1080 30.1 -4 1101 30.0 -6 1088 30.1 -5
ME19-8 Lb-58  41.6 0.800 2760 124 2.59 1.94979 2.5 0.18682 2.2 0.836327 1143 24.4 -5 1104 24.6 -2 1133 24.5 -4
ME19-8 Lb-59   213 0.726 14092 762 11.9 1.94461 2.6 0.18720 2.5 0.919418 1142 27.4 -6 1106 27.5 -3 1133 27.4 -5
ME19-8 S-375 82.6 1.93 7845 1655 26.6 1.89693 5.3 0.18774 3.4 0.623672 1093 35.2 -7 1109 35.1 -9 1101 35.1 -8
ME19-8 S-119 76.0 0.693 6568 325 7.74 1.99708 6.4 0.18797 3.6 0.562294 1089 38.2 3 1110 38.0 1 1098 38.1 2
ME19-8 S-106  17.0 0.575 1400 440 8.62 1.99460 10.1 0.18887 5.6 0.552384 1083 58.3 3 1115 58.0 0 1092 58.2 2
ME19-8 Lb-48 169 1.08 11795 635 17.2 2.22311 5.9 0.18915 4.9 0.826979 1108 52.0 16 1117 51.9 15 1113 51.9 16
ME19-8 S-110    116 0.503 10337 683 13.8 2.00518 4.7 0.18974 3.3 0.683544 1107 34.6 0 1120 34.5 -1 1115 34.6 0
ME19-8 S-121    64.3 0.856 5551 275 2.96 2.05721 5.9 0.18985 3.4 0.570918 1097 35.9 6 1121 35.8 4 1106 35.8 5
ME-19-8_Mb_216    152 0.455 8252 403 5.01 2.07069 4.4 0.19021 3.2 0.718477 1127 34.2 4 1123 34.2 4 1116 34.3 5
ME19-8 S-111    29.7 0.585 2483 361 7.86 2.00922 7.4 0.19303 4.2 0.567489 1107 45.1 -2 1138 44.9 -5 1117 45.0 -3
ME-19-8_M_108    432 0.450 34477 4431 67.7 2.09085 2.7 0.19335 2.2 0.776588 1168 24.2 -1 1140 24.3 2 1158 24.2 0
ME19-8b-76    372 4.67 20623 1115 21.2 2.04389 5.8 0.19347 4.1 0.70165 1130 44.2 -2 1140 44.2 -3 1136 44.2 -2
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ME-19-8_Mb_222  28.0 1.26 1411 62.4 1.60 1.99929 9.7 0.19754 4.4 0.447669 1161 47.4 -13 1162 47.4 -13 1149 47.5 -12
ME19-8b_127  69.3 1.39 4214 513 7.69 2.25085 4.9 0.20301 3.4 0.676373 1191 38.0 1 1191 37.9 1 1186 38.0 2
ME-19-8_Mb_168    144 1.18 9164 4016 85.9 2.19655 5.2 0.20406 3.3 0.627306 1203 37.1 -5 1197 37.1 -4 1191 37.2 -4
ME19-8 S-103   152 0.667 14017 14017 159 2.31595 4.0 0.20478 3.4 0.854415 1196 38.8 4 1201 38.8 4 1204 38.7 3
ME-19-8_M_125    22.6 0.346 1538 115 1.86 2.56109 7.3 0.20612 4.6 0.623616 1207 51.4 15 1208 51.3 15 1194 51.5 16
ME19-8b_95   498 1.37 25053 1465 31.6 2.31107 3.5 0.20776 2.7 0.751325 1232 31.5 -2 1217 31.6 0 1224 31.5 -1
ME19-8 S-131   70.8 0.664 5985 481 5.37 2.30139 5.2 0.21078 3.3 0.618563 1208 37.9 -3 1233 37.7 -5 1218 37.8 -3
ME19-8 S-407    109 1.17 14135 4896 85.6 2.67556 3.0 0.22589 2.2 0.732075 1303 28.3 2 1313 28.3 2 1312 28.3 2
ME-19-8_M_112 30.8 0.593 2801 291 3.04 2.78814 7.0 0.22626 3.8 0.531745 1315 45.7 7 1315 45.7 7 1301 45.8 8
ME-19-8_Mb_181   201 0.560 14847 3641 55.8 2.85471 3.0 0.22872 1.9 0.595074 1340 24.6 7 1328 24.7 8 1327 24.7 8
ME19-8a_88   86.9 0.965 5099 298 6.96 2.67470 4.4 0.23113 2.1 0.449193 1340 27.3 -4 1340 27.3 -4 1336 27.3 -3
ME-19-8_M_146   53.0 0.727 3781 249 6.70 2.93726 5.1 0.23142 3.3 0.638849 1343 41.3 9 1342 41.3 9 1329 41.4 9
ME19-8 S-348    35.8 0.773 4188 4046 36.0 2.98200 5.9 0.24393 3.1 0.529893 1381 40.9 1 1407 40.8 -1 1393 40.9 0
ME-19-8_Mb_164    159 0.314 12589 3578 92.0 3.19151 3.2 0.24593 2.4 0.740887 1428 32.7 5 1417 32.7 6 1414 32.7 6
ME19-8 S-109    45.1 0.516 5075 1596 50.6 3.13654 4.4 0.25087 3.1 0.691119 1412 41.3 2 1443 41.1 0 1423 41.2 1
ME19-8 S-104  103 0.324 12024 841 13.4 3.03621 4.9 0.25241 3.3 0.670412 1439 44.3 -5 1451 44.3 -6 1450 44.3 -6
ME19-8 S-383  160 0.648 22019 4646 50.0 3.13942 2.2 0.25291 1.7 0.744221 1455 24.7 -2 1453 24.7 -2 1465 24.6 -3
ME19-8a_81    397 0.379 27608 956 11.4 3.08578 4.1 0.25444 3.5 0.84608 1481 47.3 -7 1461 47.4 -6 1472 47.3 -7
ME-19-8_M_105   296 0.602 34641 2403 43.4 3.66466 2.4 0.26055 1.8 0.723277 1530 26.7 8 1493 26.8 10 1515 26.7 9
ME19-8 S-373    91.2 0.708 12379 645 7.14 3.30787 4.9 0.26646 2.9 0.584037 1509 40.9 -6 1523 40.8 -7 1520 40.8 -7
ME-19-8_Mb_208   202 0.620 17919 1040 23.9 3.96049 3.7 0.27744 2.6 0.690296 1596 37.8 5 1578 37.9 7 1581 37.9 6
ME19-8 S-405   269 0.356 47466 4611 30.8 3.98789 3.4 0.28080 3.1 0.905376 1643 44.6 2 1595 44.9 5 1651 44.5 2
ME19-8 S-116   192 0.253 28614 1234 42.1 4.07187 4.6 0.28379 4.4 0.953613 1651 63.0 3 1610 63.4 5 1660 63.0 2
ME-19-8_M_106  191 0.647 22149 3736 40.4 4.08181 3.0 0.28386 2.2 0.706414 1634 33.4 4 1611 33.5 5 1619 33.4 5
ME19-8a_83   297 1.56 20771 47354 798 4.06629 4.5 0.28641 3.1 0.659893 1639 45.7 2 1624 45.8 3 1631 45.8 3
ME19-8b_115  499 0.371 37203 37203 549 4.13938 3.2 0.28856 2.7 0.816781 1666 41.1 2 1634 41.4 4 1655 41.2 3
ME19-8 Lb-63   508 0.792 28405 1123 13.3 4.17346 2.9 0.29130 2.6 0.863129 1699 40.4 0 1648 40.7 3 1694 40.4 0
ME19-8 La-35   82.6 1.33 5267 407 5.27 4.30691 3.2 0.29356 2.7 0.837167 1682 42.4 3 1659 42.6 5 1683 42.4 3
ME19-8 S-367   225 0.543 35336 1361 14.3 4.13901 2.9 0.29582 2.3 0.767652 1697 35.6 -3 1671 35.8 -1 1707 35.6 -3
ME-19-8_M_109    273 0.877 32888 2704 54.0 4.40215 3.3 0.29691 3.0 0.893499 1714 46.2 2 1676 46.4 5 1698 46.3 3
ME19-8b_106    291 0.449 20547 2506 33.0 4.25204 3.7 0.29988 2.8 0.74944 1706 44.0 -2 1691 44.1 -1 1698 44.0 -1
ME19-8 S-354   150 1.09 22946 1355 27.8 4.24538 4.1 0.30033 3.2 0.778504 1697 48.9 -2 1693 48.9 -1 1708 48.8 -2
ME-19-8_Mb_187    120 1.11 12146 1345 38.6 5.15192 4.0 0.30444 2.6 0.634377 1725 41.2 14 1713 41.3 14 1708 41.3 14
ME19-8 S-129   173 0.757 21634 1278 16.3 4.64377 3.0 0.30660 2.5 0.821198 1743 40.4 3 1724 40.6 4 1754 40.4 2
ME19-8b_100    312 0.416 27327 2248 30.1 4.50138 4.0 0.30963 3.7 0.919747 1762 58.2 -2 1739 58.5 -1 1752 58.3 -2
ME19-8a_76  330 0.406 28158 1788 33.2 4.48093 3.8 0.31159 3.3 0.843578 1773 52.1 -4 1749 52.3 -3 1763 52.1 -4









ME-19-8_Mb_197   20.5 0.624 1764 96.9 2.76 4.81307 9.3 0.32136 6.3 0.67484 1795 99.2 -1 1796 99.2 -1 1777 99.5 0
ME-19-8_M_147    19.6 0.491 1994 256 5.73 4.89784 7.5 0.32284 5.6 0.737827 1802 88.9 0 1804 88.9 0 1784 89.2 1
ME-19-8_Mb_227   187 0.866 18646 10217 130 4.67359 3.8 0.32631 2.9 0.731538 1842 47.0 -9 1820 47.2 -7 1824 47.1 -8
ME-19-8_M_131    119 0.835 13983 1797 17.5 5.09502 3.4 0.33168 2.0 0.566822 1862 34.5 -2 1847 34.6 -1 1844 34.6 -1
ME19-8b_129  1095 0.136 175140 76464 1792 9.61390 4.0 0.42170 3.9 0.956764 2515 74.1 0 2268 77.0 10 2479 74.5 1
ME19-8 S-397    216 2.11 57304 5567 104 9.88847 2.4 0.43507 2.3 0.911103 2420 46.4 3 2329 47.0 7 2433 46.3 3
ME19-8a_89    214 1.32 24859 906 24.8 9.99278 4.0 0.43868 3.9 0.957777 2371 78.1 6 2345 78.4 7 2361 78.2 6
ME19-8 S-410    203 0.482 56416 56416 477 9.67066 2.7 0.44274 2.2 0.821657 2453 46.4 -1 2363 47.1 3 2466 46.3 -1
ME19-8b_118 1082 0.066 126740 126740 1522 10.84241 3.8 0.44282 3.6 0.940287 2540 72.1 3 2363 74.1 10 2513 72.4 4
ME19-8b_122  254 0.627 29175 1699 16.9 10.18307 4.2 0.44405 4.1 0.949735 2401 82.0 5 2369 82.4 6 2390 82.2 5
ME19-8b_128  1029 0.794 163349 7597 88.8 10.47785 3.2 0.44655 3.1 0.931803 2617 61.5 -2 2380 63.8 7 2583 61.8 -1
ME-19-8_Mb_204 175 0.534 24958 3815 60.7 10.00624 3.1 0.44794 2.7 0.861551 2424 56.4 2 2386 56.7 4 2402 56.6 3
ME19-8b_120    249 0.506 27996 1501 21.3 10.23022 3.5 0.44985 3.2 0.908914 2426 66.9 3 2395 67.2 4 2415 67.0 4
ME19-8 S-380    84.2 2.15 22459 1269 13.4 10.18094 2.6 0.45126 2.0 0.753728 2405 42.7 4 2401 42.7 4 2421 42.6 3
ME19-8b_124    688 1.15 90785 48231 811 10.73642 3.2 0.45722 3.0 0.906684 2552 61.8 0 2427 63.0 5 2530 62.0 1
ME19-8b_91    595 0.611 70630 5647 56.2 10.68734 3.3 0.45906 3.0 0.89284 2530 62.5 1 2435 63.4 4 2512 62.7 1
ME19-8b_117   492 0.428 56472 5542 104 10.82250 3.7 0.46109 3.6 0.942107 2518 74.6 2 2444 75.5 5 2502 74.8 2
ME19-8a_85    637 0.391 81602 35626 546 10.80695 2.6 0.46555 2.5 0.901761 2576 52.8 -1 2464 53.7 3 2556 52.9 -1
ME-19-8_Mb_203    125 1.27 17653 825 15.2 10.99331 3.1 0.47068 2.5 0.785599 2513 53.6 2 2487 53.8 3 2489 53.8 2
ME19-8b_108  334 0.391 38795 1593 21.5 10.77606 3.1 0.47343 2.5 0.79556 2547 55.2 -2 2499 55.6 0 2534 55.3 -1
ME19-8b_109    455 0.910 56470 2010 11.0 11.16559 1.9 0.47428 1.8 0.838086 2577 40.6 0 2502 41.0 2 2561 40.7 0
ME19-8b_98    346 0.288 44215 1396 14.4 10.91639 3.3 0.47692 3.0 0.898435 2570 65.0 -2 2514 65.6 0 2557 65.1 -2
ME19-8b_90    247 2.92 28124 2980 44.7 11.20303 3.2 0.47824 2.8 0.842129 2552 60.9 0 2520 61.2 1 2542 61.0 1
ME-19-8_M_154   216 1.32 41948 4857 104 11.63944 3.6 0.47985 3.0 0.831292 2598 65.2 1 2527 65.9 3 2575 65.4 2
ME-19-8_M_107   196 0.593 40383 1652 32.3 11.76498 3.3 0.48372 3.0 0.894579 2612 65.5 0 2543 66.2 3 2589 65.7 1
ME-19-8_Mb_177    139 1.63 24029 1231 35.4 11.30420 3.8 0.48416 3.6 0.937682 2584 76.8 -1 2545 77.3 0 2560 77.1 0
ME-19-8_M_119    68.8 2.06 12846 1119 30.7 12.62946 3.4 0.48519 2.7 0.789356 2568 59.7 6 2550 59.8 7 2544 59.9 7
ME19-8 S-414   193 0.687 57103 7697 153 12.08821 3.6 0.48699 3.4 0.929759 2655 72.1 0 2558 73.2 4 2671 71.9 -1
ME-19-8_M_103   42.4 2.64 8692 385 4.77 11.16917 4.0 0.49650 3.0 0.745687 2609 67.3 -5 2599 67.4 -4 2585 67.5 -4
ME-19-8_M_111    86.2 1.59 17579 4311 70.5 13.06462 3.4 0.50519 2.9 0.851078 2663 65.3 2 2636 65.6 3 2639 65.6 3
ME-19-8_M_155    311 1.10 62607 6499 203 13.41927 2.8 0.50690 2.5 0.870662 2759 56.8 0 2643 57.9 4 2735 57.0 1
ME-19-8_M_140   141 0.432 23840 10712 128 14.15788 3.6 0.51823 3.2 0.87266 2731 72.2 3 2692 72.6 4 2707 72.5 4
ME19-8a_82  265 1.19 44030 3812 71.5 27.46992 3.0 0.65743 2.7 0.855609 3326 72.0 5 3257 72.8 7 3312 72.2 5
ME-19-8_M_153   191 0.386 48320 21712 525 28.62356 3.1 0.68986 2.7 0.851682 3487 73.4 0 3382 74.6 3 3458 73.8 0





Table B.5.  
U-PB LA-ICPMS geochronological analyses for SY12-2; n = 90. Modified from Yonkee et al., (2014). 
 
 
U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)
SY12-2DZ-61 369 171036 0.8 15.9798 0.7 0.9534 1.6 0.1105 1.5 0.91 675.6 9.5 679.9 8.1 694.0 14.7 675.6 9.5 97.4
SY12-2DZ-59 40 34575 1.5 16.0091 3.6 0.9571 3.9 0.1111 1.4 0.37 679.3 9.2 681.8 19.3 690.1 77.0 679.3 9.2 98.4
SY12-2DZ-23 35 25142 1.0 16.0166 5.2 0.9580 5.5 0.1113 1.7 0.31 680.2 11.2 682.3 27.4 689.1 111.8 680.2 11.2 98.7
SY12-2DZ-19 32 19638 1.3 16.0063 8.3 0.9616 8.5 0.1116 1.6 0.19 682.2 10.4 684.1 42.3 690.4 178.2 682.2 10.4 98.8
SY12-2DZ-82 67 53680 1.6 15.8670 1.4 0.9756 2.1 0.1123 1.6 0.77 685.9 10.7 691.3 10.8 709.0 29.3 685.9 10.7 96.7
SY12-2DZ-46 138 89098 0.9 16.1154 1.7 0.9633 2.5 0.1126 1.8 0.73 687.8 11.7 685.0 12.2 675.9 35.9 687.8 11.7 101.8
SY12-2DZ-04 56 32798 0.9 16.0454 4.3 0.9701 4.7 0.1129 2.0 0.42 689.5 12.8 688.5 23.4 685.2 90.8 689.5 12.8 100.6
SY12-2DZ-57 107 88845 1.5 15.9366 1.8 0.9831 3.4 0.1136 2.9 0.85 693.8 18.9 695.2 17.1 699.7 38.3 693.8 18.9 99.2
SY12-2DZ-11 233 153817 0.9 15.9690 1.0 0.9853 1.5 0.1141 1.1 0.74 696.6 7.3 696.3 7.6 695.4 21.4 696.6 7.3 100.2
SY12-2DZ-24 120 94311 1.0 16.1871 2.2 0.9730 2.8 0.1142 1.8 0.64 697.3 12.1 690.0 14.3 666.4 46.7 697.3 12.1 104.6
SY12-2DZ-83 70 42622 1.0 16.0736 2.4 0.9818 2.6 0.1145 1.1 0.41 698.6 7.0 694.5 13.1 681.4 50.9 698.6 7.0 102.5
SY12-2DZ-70 94 65192 0.9 15.5333 2.0 1.0175 2.3 0.1146 1.1 0.48 699.6 7.4 712.6 11.8 754.1 42.5 699.6 7.4 92.8
SY12-2DZ-38 77 45352 0.8 15.7010 2.0 1.0108 2.3 0.1151 1.2 0.52 702.3 8.0 709.3 11.9 731.4 42.2 702.3 8.0 96.0
SY12-2DZ-10 77 57132 2.0 13.8193 1.8 1.7522 2.3 0.1756 1.4 0.62 1043.0 13.9 1028.0 14.9 996.2 36.7 996.2 36.7 104.7
SY12-2DZ-58 105 82299 4.0 13.6112 1.1 1.7773 1.3 0.1755 0.6 0.48 1042.1 5.9 1037.2 8.3 1026.9 22.6 1026.9 22.6 101.5
SY12-2DZ-77 77 143830 2.5 13.5875 1.4 1.7994 2.4 0.1773 1.9 0.80 1052.4 18.5 1045.3 15.4 1030.4 28.5 1030.4 28.5 102.1
SY12-2DZ-71 131 120788 3.4 13.5633 0.4 1.7823 1.5 0.1753 1.5 0.96 1041.4 14.1 1039.0 9.9 1034.0 8.6 1034.0 8.6 100.7
SY12-2DZ-84 465 656244 3.5 13.5603 0.2 1.7824 1.1 0.1753 1.1 0.98 1041.2 10.3 1039.0 7.1 1034.5 4.8 1034.5 4.8 100.7
SY12-2DZ-74 32 24247 1.3 13.4285 5.8 1.8654 6.1 0.1817 2.0 0.33 1076.1 20.0 1068.9 40.4 1054.2 116.3 1054.2 116.3 102.1
SY12-2DZ-79 21 16306 1.2 13.3601 5.1 1.8966 5.8 0.1838 2.9 0.50 1087.5 29.2 1079.9 38.8 1064.5 101.6 1064.5 101.6 102.2
SY12-2DZ-34 159 167549 2.2 13.3446 0.9 1.8392 1.4 0.1780 1.0 0.73 1056.1 9.7 1059.6 8.9 1066.8 18.6 1066.8 18.6 99.0
SY12-2DZ-43 300 20473 0.8 13.2951 0.7 1.9049 7.6 0.1837 7.6 1.00 1087.1 75.6 1082.8 50.6 1074.3 13.3 1074.3 13.3 101.2
SY12-2DZ-69 57 57730 1.9 13.2905 2.0 1.8958 2.3 0.1827 1.1 0.50 1081.9 11.3 1079.6 15.2 1075.0 39.7 1075.0 39.7 100.6
SY12-2DZ-94 23 45983 1.4 13.2726 7.6 1.9120 7.8 0.1840 1.4 0.18 1089.0 14.3 1085.3 51.9 1077.7 153.6 1077.7 153.6 101.1
SY12-2DZ-95 42 37162 1.1 13.1808 2.8 1.9238 3.4 0.1839 1.9 0.55 1088.3 18.6 1089.4 22.7 1091.6 56.9 1091.6 56.9 99.7
SY12-2DZ-78 45 24818 1.2 13.1638 3.5 1.9779 4.1 0.1888 2.1 0.51 1115.1 21.3 1108.0 27.4 1094.2 70.1 1094.2 70.1 101.9
SY12-2DZ-92 169 304338 1.0 13.0798 0.6 1.9813 1.2 0.1880 1.0 0.84 1110.3 10.2 1109.2 8.0 1107.0 12.7 1107.0 12.7 100.3
SY12-2DZ-52 59 73837 1.2 13.0595 1.6 1.9841 2.4 0.1879 1.9 0.77 1110.1 19.2 1110.1 16.5 1110.1 31.3 1110.1 31.3 100.0






Table B.5. Continued 
 
SY12-2DZ-06 119 225583 0.7 13.0404 0.9 2.0550 6.6 0.1944 6.6 0.99 1144.9 68.9 1134.0 45.3 1113.0 18.2 1113.0 18.2 102.9
SY12-2DZ-40 32 33713 1.7 13.0161 2.7 2.0145 3.0 0.1902 1.2 0.41 1122.3 12.5 1120.4 20.1 1116.8 53.9 1116.8 53.9 100.5
SY12-2DZ-85 43 54619 1.6 12.9545 2.2 2.0543 3.3 0.1930 2.4 0.73 1137.7 25.0 1133.7 22.4 1126.2 44.6 1126.2 44.6 101.0
SY12-2DZ-08 15 12560 1.5 12.9283 8.9 1.9699 9.4 0.1847 2.8 0.30 1092.6 28.5 1105.3 63.1 1130.2 177.8 1130.2 177.8 96.7
SY12-2DZ-18 15 24518 2.5 12.9238 7.3 1.9446 8.0 0.1823 3.2 0.40 1079.3 31.9 1096.6 53.5 1130.9 145.4 1130.9 145.4 95.4
SY12-2DZ-22 24 21705 1.3 12.9139 4.1 2.0728 4.3 0.1941 1.0 0.24 1143.7 10.7 1139.9 29.2 1132.5 82.5 1132.5 82.5 101.0
SY12-2DZ-13 24 24718 1.1 12.7957 4.2 2.0537 4.4 0.1906 1.4 0.31 1124.6 14.1 1133.5 30.1 1150.7 83.3 1150.7 83.3 97.7
SY12-2DZ-31 92 76561 1.7 12.7871 1.8 2.1589 3.1 0.2002 2.5 0.82 1176.5 27.2 1167.9 21.4 1152.0 35.1 1152.0 35.1 102.1
SY12-2DZ-53 24 24628 0.6 12.7543 4.7 2.0631 5.2 0.1908 2.1 0.40 1125.9 21.4 1136.6 35.3 1157.1 93.7 1157.1 93.7 97.3
SY12-2DZ-10 39 34437 1.3 12.7117 2.1 2.0611 2.3 0.1900 1.0 0.42 1121.5 10.2 1136.0 16.0 1163.8 42.0 1163.8 42.0 96.4
SY12-2DZ-20 179 232869 1.5 12.7086 0.7 2.1797 1.3 0.2009 1.1 0.84 1180.2 11.7 1174.6 9.0 1164.2 13.8 1164.2 13.8 101.4
SY12-2DZ-09 258 471599 2.8 12.6794 0.4 2.1561 0.6 0.1983 0.4 0.73 1166.0 4.4 1167.0 3.9 1168.8 7.6 1168.8 7.6 99.8
SY12-2DZ-63 176 217074 3.0 12.6276 0.4 2.1652 1.5 0.1983 1.4 0.97 1166.2 15.2 1169.9 10.3 1176.9 7.6 1176.9 7.6 99.1
SY12-2DZ-66 44 65763 1.7 12.5233 2.8 2.1296 3.2 0.1934 1.4 0.44 1139.9 14.4 1158.4 21.8 1193.3 55.9 1193.3 55.9 95.5
SY12-2DZ-49 73 127732 0.9 12.4572 1.7 2.3002 2.3 0.2078 1.6 0.68 1217.2 17.2 1212.4 16.2 1203.7 33.4 1203.7 33.4 101.1
SY12-2DZ-99 136 227558 1.1 12.2945 0.6 2.3812 1.1 0.2123 0.9 0.82 1241.2 9.8 1237.0 7.6 1229.6 11.9 1229.6 11.9 100.9
SY12-2DZ-75 32 30227 1.6 12.2113 2.6 2.3793 3.3 0.2107 1.9 0.59 1232.7 21.7 1236.4 23.3 1242.9 51.5 1242.9 51.5 99.2
SY12-2DZ-32 63 73467 1.8 11.5713 0.9 2.7118 1.5 0.2276 1.3 0.81 1321.8 15.0 1331.7 11.5 1347.6 17.6 1347.6 17.6 98.1
SY12-2DZ-90R 113 112206 1.4 11.4482 1.1 2.9020 1.5 0.2409 1.0 0.68 1391.6 12.7 1382.4 11.2 1368.2 20.9 1368.2 20.9 101.7
SY12-2DZ-90C 138 224586 1.9 11.3685 0.6 2.9262 2.1 0.2413 2.1 0.96 1393.3 25.9 1388.7 16.2 1381.6 10.8 1381.6 10.8 100.8
SY12-2DZ-26 68 127744 1.5 11.0559 1.6 3.1868 2.1 0.2555 1.4 0.66 1466.9 18.1 1454.0 16.2 1435.0 29.9 1435.0 29.9 102.2
SY12-2DZ-30 62 91838 1.7 10.9806 1.3 3.2310 2.2 0.2573 1.8 0.82 1476.1 24.0 1464.6 17.2 1448.0 24.1 1448.0 24.1 101.9
SY12-2DZ-29 54 66153 1.6 10.5536 1.1 3.3295 1.8 0.2548 1.4 0.80 1463.4 18.5 1488.0 13.8 1523.2 19.9 1523.2 19.9 96.1
SY12-2DZ-60 65 61814 1.0 9.9751 0.9 3.9024 1.3 0.2823 0.9 0.70 1603.1 13.1 1614.2 10.6 1628.7 17.5 1628.7 17.5 98.4
SY12-2DZ-62 134 315499 2.6 9.4765 0.4 4.4701 2.7 0.3072 2.7 0.99 1727.1 40.2 1725.4 22.2 1723.4 6.9 1723.4 6.9 100.2
SY12-2DZ-96 89 240720 3.2 9.4550 0.6 4.4991 2.0 0.3085 1.9 0.96 1733.4 29.3 1730.8 16.7 1727.6 10.2 1727.6 10.2 100.3
SY12-2DZ-37 60 91642 1.3 9.3167 0.7 4.6001 1.3 0.3108 1.1 0.87 1744.8 17.4 1749.3 11.0 1754.6 12.0 1754.6 12.0 99.4
SY12-2DZ-56 285 666702 3.2 9.3011 0.2 4.6210 0.8 0.3117 0.7 0.96 1749.2 11.0 1753.1 6.3 1757.7 4.0 1757.7 4.0 99.5
SY12-2DZ-45 66 90244 2.4 9.2739 0.6 4.6697 2.0 0.3141 1.9 0.95 1760.8 28.9 1761.8 16.5 1763.0 11.2 1763.0 11.2 99.9
SY12-2DZ-41 68 82782 2.1 9.2085 0.7 4.7171 2.0 0.3150 1.9 0.94 1765.5 29.6 1770.3 17.2 1776.0 13.2 1776.0 13.2 99.4
SY12-2DZ-03 74 201898 0.9 6.9121 0.5 8.0934 2.1 0.4057 2.1 0.98 2195.4 39.0 2241.5 19.4 2283.9 7.8 2283.9 7.8 96.1
SY12-2DZ-89 58 116967 1.6 6.3087 0.2 10.1026 2.2 0.4622 2.2 0.99 2449.5 44.7 2444.2 20.4 2439.8 4.0 2439.8 4.0 100.4
SY12-2DZ-35 31 70106 0.7 6.2345 0.6 10.3211 1.4 0.4667 1.3 0.92 2469.0 26.4 2464.0 12.9 2459.9 9.3 2459.9 9.3 100.4
SY12-2DZ-47 103 246027 1.5 6.2330 0.3 10.3320 0.8 0.4671 0.8 0.95 2470.7 15.5 2465.0 7.4 2460.2 4.3 2460.2 4.3 100.4
SY12-2DZ-25 183 386896 1.2 6.1661 0.1 10.6076 1.3 0.4744 1.3 0.99 2502.7 26.3 2489.4 11.9 2478.5 2.5 2478.5 2.5 101.0
SY12-2DZ-98 387 47091 3.9 6.0632 0.2 10.3774 1.3 0.4563 1.3 0.98 2423.4 25.3 2469.0 11.8 2506.8 4.2 2506.8 4.2 96.7
SY12-2DZ-15 102 214964 1.5 5.9129 0.3 11.8906 1.2 0.5099 1.2 0.98 2656.3 26.1 2595.8 11.5 2549.0 4.5 2549.0 4.5 104.2












SY12-2DZ-05 109 284637 0.6 5.9023 0.1 11.0940 0.8 0.4749 0.8 0.99 2505.0 15.6 2531.1 7.1 2552.0 2.1 2552.0 2.1 98.2
SY12-2DZ-91 337 687304 1.8 5.8950 0.1 11.4230 1.2 0.4884 1.2 0.99 2563.7 25.6 2558.3 11.4 2554.0 2.2 2554.0 2.2 100.4
SY12-2DZ-16 140 448879 0.6 5.8931 0.2 11.4443 0.8 0.4891 0.8 0.97 2566.9 17.3 2560.0 7.8 2554.6 3.2 2554.6 3.2 100.5
SY12-2DZ-73 165 580544 1.2 5.8833 0.2 11.3746 0.8 0.4854 0.8 0.96 2550.5 16.2 2554.3 7.5 2557.4 3.9 2557.4 3.9 99.7
SY12-2DZ-42 87 180796 1.4 5.8755 0.3 11.5924 1.6 0.4940 1.6 0.98 2587.9 34.1 2572.1 15.2 2559.6 4.9 2559.6 4.9 101.1
SY12-2DZ-12 237 182593 2.6 5.8145 0.3 11.3019 1.7 0.4766 1.6 0.98 2512.5 34.0 2548.4 15.6 2577.0 5.7 2577.0 5.7 97.5
SY12-2DZ-44 572 17672 1.2 5.7895 0.1 9.2215 2.5 0.3872 2.5 1.00 2109.8 45.7 2360.3 23.3 2584.2 2.4 2584.2 2.4 81.6
SY12-2DZ-01C 502 91726 2.4 5.7497 0.1 10.3370 2.5 0.4311 2.5 1.00 2310.5 49.4 2465.4 23.6 2595.7 2.2 2595.7 2.2 89.0
SY12-2DZ-35 352 1862512 3.2 5.7324 0.1 12.0190 1.1 0.4997 1.1 1.00 2612.5 23.9 2605.9 10.5 2600.8 1.5 2600.8 1.5 100.5
SY12-2DZ-87 338 270406 2.0 5.7251 0.2 11.8293 3.4 0.4912 3.4 1.00 2575.8 72.1 2591.0 31.8 2602.9 2.7 2602.9 2.7 99.0
SY12-2DZ-48 117 315848 1.7 5.6946 0.2 12.3992 0.9 0.5121 0.9 0.98 2665.6 20.1 2635.1 8.8 2611.8 3.4 2611.8 3.4 102.1
SY12-2DZ-88 248 630260 2.3 5.6829 0.2 12.2726 0.9 0.5058 0.9 0.99 2638.8 19.7 2625.5 8.7 2615.2 2.6 2615.2 2.6 100.9
SY12-2DZ-86 90 370535 0.7 5.6750 0.2 12.3996 1.2 0.5104 1.1 0.98 2658.1 24.8 2635.1 10.9 2617.5 3.9 2617.5 3.9 101.6
SY12-2DZ-93 56 130651 0.5 5.6666 0.3 12.2230 1.6 0.5023 1.6 0.98 2623.8 34.2 2621.7 15.1 2620.0 4.7 2620.0 4.7 100.1
SY12-2DZ-81 141 233344 1.8 5.6632 0.1 12.3498 1.1 0.5073 1.1 0.99 2644.9 23.7 2631.4 10.4 2621.0 2.4 2621.0 2.4 100.9
SY12-2DZ-76 153 566553 0.6 5.6582 0.1 12.3114 0.7 0.5052 0.7 0.98 2636.2 15.7 2628.4 6.9 2622.5 2.3 2622.5 2.3 100.5
SY12-2DZ-07 129 234485 0.5 5.6555 0.1 12.1233 1.1 0.4973 1.1 0.99 2602.0 23.8 2614.0 10.5 2623.2 2.1 2623.2 2.1 99.2
SY12-2DZ-17 115 842182 0.9 5.5284 0.2 13.0183 2.0 0.5220 2.0 1.00 2707.6 43.3 2681.0 18.5 2661.0 2.7 2661.0 2.7 101.8
SY12-2DZ-28 124 466157 1.2 5.4600 0.2 13.3183 1.2 0.5274 1.2 0.99 2730.5 26.4 2702.5 11.3 2681.6 3.3 2681.6 3.3 101.8
SY12-2DZ-27 193 465355 0.7 5.4584 0.2 12.8342 1.9 0.5081 1.8 0.99 2648.4 40.2 2667.6 17.5 2682.1 3.1 2682.1 3.1 98.7
SY12-2DZ-33 178 872575 1.6 5.4021 0.2 13.3591 2.2 0.5234 2.2 1.00 2713.6 48.9 2705.4 20.9 2699.2 2.6 2699.2 2.6 100.5
SY12-2DZ-67 46 84566 0.6 5.3809 0.4 13.5228 1.9 0.5277 1.9 0.98 2731.9 41.8 2716.9 18.1 2705.7 6.0 2705.7 6.0 101.0
SY12-2DZ-54 81 380366 0.6 5.3759 0.2 13.2655 1.2 0.5172 1.1 0.98 2687.4 25.2 2698.7 11.0 2707.2 3.7 2707.2 3.7 99.3

























Table C.1.  
U-PB CA-ID-TIMS geochronological analyses for CD16-SM-9 (n = 9), CD16-SM-10 (n = 10), and SY12-2 (n = 10). 
 
CA-TIMS U-Pb isotopic data
Th 206Pb* mol % Pb* Pbc
206Pb 208Pb 207Pb 207Pb 206Pb corr. 207Pb 207Pb 206Pb
Sample Laserchron U x10-13 mol
206Pb* Pbc (pg) 204Pb 206Pb 206Pb % err 235U % err 238U % err coef. 206Pb ± 235U ± 238U ± 
(a) Spot (b) (c) (c) (c) (c) (d) (e) (e) (f) (e) (f) (e) (f) (g) (f) (g) (f) (g) (f)
SY12-2
z1 19 0.704 5.6806 99.96% 726 0.21 41195 0.219 0.06095 0.062 0.874099 0.124 0.104017 0.064 0.979 637.4 1.3 637.79 0.59 637.91 0.39
z2 5 1.016 7.7907 99.96% 805 0.28 42414 0.314 0.06282 0.061 0.988988 0.125 0.114183 0.068 0.971 702.1 1.3 698.20 0.63 697.00 0.45
z3 11 1.172 11.4197 99.98% 1444 0.23 73439 0.363 0.06278 0.060 0.990736 0.126 0.114447 0.070 0.969 700.9 1.3 699.10 0.63 698.52 0.46
z4 23 0.708 9.8951 99.97% 928 0.28 52572 0.220 0.06091 0.061 0.873031 0.123 0.103958 0.065 0.981 636.0 1.3 637.21 0.58 637.56 0.40
z5 82 0.672 3.5605 99.92% 383 0.24 21881 0.208 0.06243 0.064 0.967608 0.137 0.112409 0.084 0.942 688.9 1.4 687.23 0.68 686.72 0.55
z6 68 0.854 2.9079 99.80% 167 0.48 9154 0.264 0.06240 0.077 0.961596 0.162 0.111770 0.111 0.908 687.8 1.6 684.12 0.81 683.02 0.72
z7 38 0.559 0.6535 99.51% 63 0.27 3702 0.173 0.06236 0.125 0.963760 0.197 0.112081 0.113 0.805 686.6 2.7 685.24 0.98 684.82 0.73
z8 57 1.231 9.6332 99.96% 958 0.31 45973 0.344 0.16755 0.050 10.986481 0.147 0.475561 0.108 0.971 2533.3 0.8 2521.99 1.37 2507.90 2.25
z9 46 0.474 1.7851 99.86% 212 0.21 12737 0.147 0.06287 0.079 0.993336 0.139 0.114593 0.071 0.912 703.8 1.7 700.42 0.70 699.36 0.47
z10 59 0.576 1.3896 99.81% 166 0.21 9710 0.179 0.06091 0.118 0.873062 0.170 0.103952 0.070 0.833 636.2 2.5 637.23 0.81 637.53 0.43
weighted mean 206Pb/238U age = 637.67 ± 0.23 (0.38) [0.76] Ma (2s); MSWD = 1.11 (n=3) (h)
CD16-SM-10
z1 213 0.552 3.4595 99.91% 332 0.27 19554 0.171 0.06152 0.063 0.911512 0.126 0.107455 0.065 0.982 657.6 1.3 657.86 0.61 657.95 0.41
z2 184 0.785 0.6142 99.48% 62 0.27 3480 0.243 0.06289 0.218 1.003958 0.320 0.115785 0.210 0.737 704.4 4.6 705.82 1.63 706.26 1.41
z3 195 0.311 2.8044 99.89% 260 0.27 15773 0.091 0.10499 0.089 4.378914 0.213 0.302484 0.175 0.913 1714.2 1.6 1708.37 1.76 1703.62 2.63
z4 43 0.413 1.2104 99.65% 90 0.35 5155 0.119 0.14918 0.072 7.392617 0.254 0.359404 0.227 0.961 2336.6 1.2 2160.08 2.27 1979.35 3.87
z5 14 0.343 3.6261 99.54% 67 1.40 3891 0.097 0.15612 0.065 9.525802 0.201 0.442531 0.169 0.954 2414.1 1.1 2390.04 1.85 2361.96 3.34
z6 158 0.604 1.0518 99.79% 145 0.19 8472 0.187 0.06153 0.083 0.910992 0.141 0.107376 0.068 0.916 657.9 1.8 657.58 0.68 657.49 0.43
z7 174 0.387 3.7684 99.90% 315 0.30 18782 0.113 0.10543 0.040 4.417339 0.260 0.303873 0.241 0.990 1721.8 0.7 1715.60 2.15 1710.48 3.62
z8 218 0.658 18.4761 99.97% 1213 0.40 69546 0.204 0.06154 0.061 0.911766 0.123 0.107447 0.064 0.982 658.3 1.3 658.00 0.59 657.90 0.40
z9 175 0.311 0.5818 99.58% 70 0.20 4284 0.091 0.10501 0.129 4.380684 0.574 0.302561 0.552 0.975 1714.5 2.4 1708.70 4.75 1704.00 8.26
z10 160 0.649 0.1787 97.89% 15 0.32 853 0.201 0.06155 0.460 0.911465 0.519 0.107406 0.131 0.553 658.4 9.9 657.84 2.51 657.66 0.82
weighted mean 206Pb/238U age = 657.78 ± 0.23 (0.39) [0.78] Ma (2s); MSWD = 1.01 (n=4) (h)
CD16-SM-9
z1 151 0.385 0.8800 99.64% 82 0.26 5063 0.119 0.06285 0.157 0.993397 0.203 0.114641 0.071 0.751 703.0 3.3 700.45 1.02 699.64 0.47
z2 59 0.484 0.5830 99.38% 48 0.30 2894 0.150 0.06269 0.169 0.983619 0.238 0.113787 0.128 0.728 697.9 3.6 695.46 1.20 694.71 0.84
z3 50 0.405 0.3822 99.39% 48 0.20 2936 0.126 0.06243 0.208 0.968332 0.254 0.112497 0.086 0.661 688.8 4.4 687.60 1.27 687.23 0.56
z4 2 0.617 1.0143 99.79% 150 0.18 8695 0.191 0.06238 0.073 0.968021 0.135 0.112547 0.068 0.949 687.2 1.6 687.44 0.67 687.52 0.44
z5 89 0.540 1.7629 99.85% 214 0.22 12292 0.158 0.10585 0.123 4.458486 0.277 0.305477 0.236 0.896 1729.2 2.3 1723.28 2.30 1718.41 3.56
z6 128 0.755 2.2676 99.85% 217 0.29 11903 0.221 0.10324 0.052 4.234775 0.218 0.297492 0.192 0.976 1683.2 1.0 1680.79 1.79 1678.86 2.84
z7 46 0.421 1.9450 99.86% 210 0.23 12802 0.130 0.06244 0.067 0.968657 0.129 0.112507 0.066 0.970 689.3 1.4 687.77 0.65 687.29 0.43
z8 102 0.436 1.9680 99.87% 223 0.22 13377 0.131 0.07964 0.204 2.223494 0.258 0.202480 0.144 0.614 1188.2 4.0 1188.47 1.81 1188.63 1.57
z9 63 0.449 0.3349 99.08% 32 0.26 1970 0.139 0.06234 0.212 0.967298 0.261 0.112536 0.088 0.677 685.8 4.5 687.07 1.30 687.46 0.57
weighted mean 206Pb/238U age = 687.38 ± 0.24 (0.40) [0.80] Ma (2s); MSWD = 0.31 (n=4) (h)265.36 0.09



























Figure D. 1 
Additional measured stratigraphic sections from the north gap of Portneuf Narrows and 
Fort Hall locales. 
